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Session oF Turspay, August 27 


The Society was called to order at 9.15 o’clock am, in room 2, Denver 
High School building. In the absence of the President, the first Vice- 
President, Professor N. H.Winchell, presided throughout the meeting. 


ELECTION OF FELLOWS 


The Secretary announced that the candidates for fellowship had re- 
ceived a nearly unanimous vote of the ballots sent, and that they were 
elected, as follows: 


Fellows Elected 


Cuarces Perer Berkey, Ph. D., Minneapolis, Minn. Instructor in Mineralogy, 
University of Minnesota. . 

Epaear Roscor Cumryas, A. B., Bloomington, Ind. Instructor in Geology, Indiana 
University. 

Herperr Ernest Grecory, Ph. D., New Haven, Conn. Assistant Professor of 
Physiography, Yale University. 

Freperick Burrirr Peck, Ph. D., Easton, Pa. Professor of Geology and Mine- 
ralogy, Lafayette College. 

Frank Cuartes Scuraper, M.S., A. M., Washington, D.C. Assistant Geologist, 
United States Geological Survey. 
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Epwarp Martin Sueparp, A. M., Springfield, Mo. Professor of Geology, Drury 
College. 

Wiiuram Joun Surron, B. S., E. M., Victoria, B. C. Geologist to E. and N. 
Railway Company. 

ALexaNnper Newton M. S., Butte, Mont. Professor of Geology and 
Mineralogy, Montana State School of Mines. 


The reading of papers was declared in order. ‘The first paper pre- 
sented was 
HYDROGRAPHIC HISTORY OF SOUTH DAKOTA 


BY J. E. TODD 


The paper was discussed by S. F. Emmons, H. T. Fuller, A. C. Lawson, 
and the author. It will be printed in this volume. 


At the close of the discussion of Professor Todd’s paper a recess was 
voted in order to allow attendance at the opening general session of the 
American Association for the Advancement of Science. The Society 
reconvened at 10.25 o’clock. 

It was announced by the Secretary that the American Association for 
the Advancement of Science had adopted an amendment to its consti- 
tution under which societies affiliated with the Association were to be 
represented by delegates on the Council of the Association, and that the 
Geological Society was entitled to two such delegates. 

Vice-President S. F. Emmons moved that the President and Secretary 
of the Society be ex officio the delegates, and it was so voted. 


The reading of papers was resumed, and the first paper was an in- 
formal presentation of the following account of the 


GEOLOGICAL EXCURSION IN COLORADO 
BY C. R. VAN HISE 


It has long appeared to me that the most important services to geology which a 
summer meeting of geologists can accomplish are a common study of the phe- 
nomena of geology in the field and a mutual exchange of views. For a compari- 
son of views no other place is so well adapted as the field. Having held these 
opinions for a number of years, I planned an excursion in the Lake Superior region 
at the time of the meeting of the American Association for the Advancement of 
Science, at Madison, Wisconsin, in 1893. This excursion was attended by about 
thirty geologists. It continued for a week, and during that time two of the more 
important iron-bearing districts and the copper-bearing district of Keweenaw point 
were visited. The evident pleasure and profit of those taking part in the Lake Supe- 
rior excursion encouraged me to suggest a Colorado excursion preceding the meeting 
of the American Association for the Advancement of Science and the Geological 
Society of America at Denver. I presented the subject to Messrs 8. F. Emmons 
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and Whitman Cross, and they, being more familiar with Colorado geology than I, 
kindly prepared an itinerary for the proposed excursion. This itinerary was sent 
to the geologists of the country, and a sufficient number of responses followed 
to warrant carrying out the plan. Mr Emmons also spent much time in corre- 
spondence with Colorado mining men and in perfecting arrangements with the 
railroads. 

The rendezvous for the excursion was at Denver, August 15. The party con- 
sisted of R. M. Bagg, Jr., Colorado Springs, Colorado; H. F. Bain, Idaho Springs, 
Colorado; E. H. Barbour, Lincoln, Nebraska; J. C. Branner, Stanford University, 
California; Samuel Calvin, Iowa City, Iowa; G. L. Cannon, Denver, Colorado; 
R. T. Chamberlin, Chicago, Illinois; T. C. Chamberlin, Chicago, Illinois; C. R. 
Eastman, Cambridge, Massachusetts ; S. F. Emmons, Washington, District of Co- 
lumbia; H. L. Fairchild, Rochester, New York; J. W. Finch, Victor, Colorado; 
U.S. Grant, Evanston, Illinois; J. C. Hersey, Leadville, Colorado; V. G. Hills, 
Cripple Creek, Colorado; J. D. Irving, Washington, District of Columbia; W. 8. 
Kelley, Leadville, Colorado; Arthur Lakes, Denver, Colorado; H. C. Lay, Tellu- 
ride, Colorado; J. R. Macfarlane, Pittsburg, Pennsylvania; J. D. Newsom, Stan- 
ford University, California; H. B. Patton, Golden, Colorado; A. H. Purdue, 
Fayetteville, Arkansas ; C. W. Purington, Chester, Massachusetts; W. N. Smith, 
Madison, Wisconsin; C. R. Van Hise, Madison, Wisconsin; A. N. Winchell, 
Butte, Montana. Some of these men, however, were not with the excursion 
throughout the entire trip. 

Professor T. C. Chamberlin acted as leader for physiography and the Pleistocene, 
and Mr Emmons acted as leader for economic geology as far as Ouray. 

The itinerary of the excursion and the lines of study at the various points are 
briefly as follows: 

First day (August 16). The party left Denver in the morning, following the 
plains along the base of the mountains to Canyon City, at the mouth of the Royal 
Gorge of the Arkansas. 

Here Mr J. B. Hatcher met the party, and personally conducted it to the Dinosaur 
quarries about 9 miles north of Canyon City, up Four-mile creek. Mr Hatcher had 
a party at work quarrying the bone-bearing beds of the Jurassic, and for the first 
time a number of the party saw Dinosaur bones in place. During the drive an 
excellent section of the Colorado formations from the Silurian to the Jurassic was 
seen along the front of the mountains. 

Second day (August 17). The party divided. The larger number of the party 
went on foot from Canyon City through the Royal Gorge of the Arkansas to Park- 
dale, a distance of 11 miles. The major part of this distance furnished a magnifi- 
cent section of the Archean complex in typical development. At Parkdale a very 
interesting basin of Mesozoic rocks resting upon the pre-Cambrian was seen. That 
portion of the party remaining at Canyon City occupied the morning in studying 
the locality containing Silurian fish, studied and described by Walcott. The train 
carrying the united party left Canyon City at 1.15 p m, following the Arkansas 
valley to near Leadville, over the Tennessee pass, and thence down the valleys of 
the Eagle and Grand rivers to Glenwood Springs; thence to Aspen. 

Third day (August 18). The entire day was spent at Aspen, studying the mines, 
the complex faulting of the Paleozoic strata, and the glacial phenomena. The 
party left Aspen in the evening for Grand Junction, 
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Fourth day (August 19). The party went from Grand Junction to Ouray. The 
route is along the great mesa plains of the Colorado basin. The horizontal Meso- 
zoic and Tertiary beds extended all the way from Grand Junction to the San Juan 
mountains at Ouray. Arriving at Ouray at 3.30 pm, a drive was taken up the 
beautiful Red Mountain stage road, affording fine views of the precipitous Red 
Mountain canyon. Along the road is exposed a good section of Algonkian quartz- 
ites and slates. 

Fifth day (August 20). The entire day was spent in visiting the Camp Bird mine 
and mill, several miles south of Ouray. The Camp Bird mine is a great fissure 
vein in Tertiary andesitic breccias, and it afforded the first good opportunity for 
the party to study the ore deposits of the San Juan district. 

Sixth day (August 21). ‘The party divided, a part going by train from Ouray to 
Telluride, and a part over the beantiful Virginius pass, 13,000 feet high. This ride 
furnished a fine opportunity for studying the glacial cirques of the San Juan dis- 
trict, and also allowed those interested in ore deposits to visit the Virginius and 
Liberty Bell mines. 

Seventh day (August 22). The day was spent at Telluride and vicinity. About 
half of the party studied the glacial and physiographic features of the vicinity, 
taking a carriage ride to the Alta mine, 10 miles southwest of Telluride, and the 
other half examined the Smuggler Union and Tomboy mines. The district was of 
interest to all from a structural point of view. The Triassic beds are finely ex- 
posed, and the unconformity at the base of the San Miguel conglomerate, which 
underlies the volcanics, is clearly marked. 

Eighth day (August 23). From Telluride to Silverton. The party again divided, 
some going by train via Rico and Durango, while a number rode from Telluride 
to Red Mountain, over the Ingram pass, 12,700 feet, and thence by train to Silver- 
ton. Those on horseback had an opportunity to observe the red mountains of 
the district, called ‘‘ blow outs’’ by the miners. 

Ninth day (August 24). The division of the party interested in ore deposits 
studied the Silver Lake and Royal Tiger mines. Another division of the party 
walked down the Las Animas canyon from Silverton to Needleton, 15 miles, in 
order tostudy the Algonkian and Archean rocks and their relations. Both of these 
series are magnificently exposed in this canyon. 

Tenth day (August 25). En route from Silverton to Denver via Durango, An- 
tonito, Alamosa, and Pueblo. The entire Mesozoic-Paleozoic-pre-Cambrian suc- 
cession of southwestern Colorado is exposed along the railroad from Silverton to 
Durango. From Durango for a considerable distance the train passed over gently 
dipping Cretaceous rocks. At Toltec gorge the Archean was seen for the last time, 
and from Toltec gorge to the San Luis valley a recent volcanic plateau was traversed. 

The party arrived at Denver the morning of the eleventh day, August 26, having 
traveled almost 1,400 miles. 

As far as Grand Junction the railroad is standard gauge, and for this distance the 
party had a special Pullmansleeper. From Grand Junction to Alamosa the road is 
narrow gauge, and during this part of the excursién there was no night traveling. 
Over this part the Denver and Rio Grande railway placed at our disposal a special 
day coach. From Alamosa to Denver a special sleeper was again available. 

Everywhere the party was treated by the citizens of Colorado as distinguished 
guests, and the best that the various places aftorded was at their disposal. The 
mine owners, superintendents, and engineers at each mine visited gave their time 
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to assist those interested in mines in their studies. We are especially indebted to 
Mr H. C. Lay, of Telluride, who was interested in the excursion from the first. 
At Aspen we were the guests of Mr F. T. Freeland, Mr J. B. Gwinn, Mr. Wood- 
ward, and the other mining men of the city. At Ouray we were the guests of 
Mr T. F. Walsh, and were magnificently entertained both at Ouray and at the 
Camp Bird mine. At Telluride the citizens showed us many courtesies and atten- 
tions. Mr Arthur Collins, who is in charge of the Smuggler Union property at 
Telluride, entertained the party at his mines, and furnished us every opportunity 
for studying the ore deposits. Among others to whom the party is indebted for 
many courtesies may be mentioned Messrs J. W. Benson, D. RK. Reed, A. Richard- 
son, H. W. Reed, and E. A. Krisher, of Ouray; Messrs E. I. Fields, C. R. Van 
Law, John Herron, A. Koch, J. K. McCoy, and Charles A. Chase, of Telluride; 
Messrs 8. J. Hallett, G. H. Stoiber, and R. W. Watson, of Silverton, and Mr J. O. 
Jampbell, of Durango. 

The various members of the party expressed themselves as being highly pleased 
with the excursion. And if it is advantageous to rapidly go over a considerable 
part of a great region in order to obtain a large view; if it is advantageous for 
geologists to see the same phenomena together, or, in other words, to be able to 
see with one another's eyes; if it is advantageous for geologists to interpret phe- 
nomena together, or to interpret with one’another’s brains; if it is advantageous 
for geologists interested in similar problems to confer with one another as to 
geological phenomena and their meaning, then the excursion was well justified. 
In many cases the field expefience of a man has been somewhat narrow; his 
capacity to correctly observe and discriminate the important phenomena in an 
area, to understand their relations, to understand their meaning in the terms of 
the principles of physics and chemistry and biology, is somewhat limited. In 
many instances, in consequence of isolation, peculiar or partial views have been 
developed. All of these defects may be partially removed or corrected by mutual 
study of the same field. 

By a rapid review of a great region the large and salient points are discriminated 
from the minor, and in some cases less important ones. One whose power of 
observation is imperfect finds that other men perceive many things that his eyes 
do not see, and his vision is thereby improved. One who is defective in his 
method of observation or reasoning is sure to realize these defects when he com- 
pares himself with others more fortunate in the capacity to perceive facts and to 
apprehend their meaning. 

In consequence of the Colorado excursion we who participated in it hope we are 
somewhat more accurate observers, somewhat better interpreters of phenomena, 
and somewhat more capable of carrying on our investigative or instructional work 
than before the excursion. If this be so, it would seem that the dominating 
feature of the summer meetings of geologists should hereafter be extended excur- 
sions, although this by no means prevents the advantages which result from the 
presentation of papers and the discussion of them at the regular meeting. 
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The following paper was then read by the author: 


JUNCTION OF LAKE SUPERIOR SANDSTONE AND KEWEENAWAN TRAPS IN 
WISCONSIN * 


BY U. 8S. GRANT 


[ Abstract] 
Contents 

Page 

Early investigations. 6 
Results of later study 6 
Comparison of south and north side of Lake Superior epactine. 7 
7 
Effect on the sandstone.. 
Contact ses 8 


INVESTIGATIONS 


In the early days of geological investigation in the Lake Superior region two 
sandstone series were recognized on the south shore of the lake—one a tilted 
series, which conformably overlies the Keweenawan or copper-bearing igneous 
rocks, and the other a flat-lying series, found only at low altitudes on or adjacent 
to the lake shore. The name Lake Superior sandstone was applied to the flat- 
lying sandstones, and these were separated into two divisions, designated as the 
Eastern and Western sandstones. These divisions were based largely on geo- 
graphical position, the former lying on and to the east of Keweenaw point and 
being confined to the state of Michigan, and the latter lying to the west of this 
point in Wisconsin and Minnesota. 


_ Resutts or LaTer Stupy 


Differences of opinion arose in regard to the relations and relative ages of the 
Eastern sandstone and the Keweenawan traps, some holding that one and some 
that the other was the older. This was a significant question, for on its solution 
depended not only the age of the great copper-bearing series, but also important 
facts in the history of a region which was destined to become, both from its eco- 
nomic and also from its geologic features, the classic and typical pre-Cambrian 
district for America, if not for the world. It was not until the detailed observa- 
tions of Professors Irving and Chamberlin, made along the junction of the two 
formations, were published in 1885 that a satisfactory solution of the problem was 
proposed.t Their conclusions are today generally by of Lake 


* Published with the permission of Professor E. A. Birge, director of the Wisconsin Geological 
and Natural History Survey. Loeal details of this junction may be found in Bulletin VI of the 


Wisconsin Geol. and Nat. Hist. Survey, pp. 17-20, 1900. 

+ Observations on the junction between the Eastern sandstone and the Keweenawan series on 
Keweenaw point, lake Superior, U. 8. Geol. Survey, Bulletin 23, 1885, Here complete references 
to the literature of the subject may be found. 
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Superior geology. In brief these conclusions are as follows: The junction be- 
tween the Eastern sandstone and the Keweenawan traps is along a fault. The 
displacement in the traps began before the deposition of the sandstone. The sand- 
stone was deposited along a shore cliff formed by the fault scarp. Since the deposi- 
tion of the sandstone further displacement has occurred along this earlier line of 
faulting. Thus the apparently inferior position of the sandstone is due, not to the 
fact that the sandstone is older than and underlies the traps, but to faulting in 
part subsequent to its deposition; the Keweenawan traps belong to the upper 
division (Algonkian) of the pre-Cambrain, while the sandstone belongs to the 
upper half of the Cambrian. The two formations are tlius separated by an uncon- 
formity. 


Comparison oF South AND Norra Sipe or LAKE Superior SYNCLINE 


All this is on the south edge of the Lake Superior syncline. When the junction 
of the Lake Superior sandstone and the Keweenawan traps along the north side 
of this syncline is considered, it is found to be a marked coincidence that the rela- 
tions of the two formations, at least as far as faulting is concerned, are very similar 
to those already described. Mr E. T. Sweet,* on the former Geological Survey of 
Wisconsin, collected data along this line of junction, and from this data Professors 
Chamberlin ¢ and Irving t inferred that a fault existed here. While employed by 
the present Geological and Natural History Survey of Wisconsin, the writer had 
occasion to study this junction of the sandstone and traps, and to obtain informa- 
tion which demonstrates conclusively, even more conclusively than on Keweenaw 
point, the faulting and the later age of the sandstone. 


Fearures oF Contract 
CONTACT LINE 


This contact line of the two series has an east and west direction in Douglas 
county, Wisconsin, being in general parallel to the lake shore and lying only a few 
miles from it. The most important phenomena presented may be classed under 
three heads: topography, effect on the traps, effect on the sandstone. 


TOPOGRAPHY 


In passing southward from the west end of the lake one crosses a monotonous 
plain which abuts against an east and west ridge known as the Douglas copper 
range. The north slope of this ridge is abrupt, and’ its summit is 100 to 300 feet 
above the plain. The plain is underlain by the Lake Superior sandstone in hori- 
zontal beds, and the ridge consists of lava flows dipping steeply toward the south. 
The sandstone in general is not firmly cemented and is easily eroded, while the 
traps or lava flows are much more resistant to erosion. The abrupt northward 
slope of the trap ridge functions as a fault scarp, although by this statement it is 
not intended to convey the idea that the faulting has been recent, nor that erosion 
has not kept pace with it; on the other hand, the present scarp is regarded as 
a result of differential erosion. 


* Geol. of Wisconsin, vol. iii, pp. 340-350, 1880. 

+ Geol. of Wisconsin, vol. i, p. 105, 1883. 

} U.S. Geol. Survey, Monograph v, p. 258, 1883. 

2 Wisconsin Geol. and Nat. Hist. Survey, Bulletin vi, 1900, 
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EFFECT ON THE TRAPS 


One of the most conspicuous features of the faulting is the extremely intense 
brecciation of the igneous rocks near the contact. This has been so thorough that 
, frequently these rocks are so shattered that a fragment an inch in diameter can not 
be found which is not crossed by one or more fractures; and this fractured zone 
extends in some cases more than 400 feet from the junction of the two formations. 
Generally there has been no appreciable motion of these fragments on one another, 
but in places the fragments are slickensided, and but rarely has the motion been 
sufficient to round them. 


EFFECT ON THE SANDSTONE 


The sandstone, except at one locality to be mentioned later, does not exhibit the 
brecciation common to the traps. The usual altitude of the sandstone near the 
junction is a bending upward of the layers so that they have a marked northerly 
dip, but the amount of the dip rapidly diminishes on leaving the contact, and the 
layers soon assume their normal position of practical horizontality.* Sometimes 
this simple relation is complicated by minor faulting or folding in the sandstone, 
the details of which have not been yet worked out. At one locality, however, the 
sandstone has been more profoundly affected and has been thrown into an anti- 
clinal fold of considerable dimensions.t| The southern limb of this fold, which 
limb is nearly half a mile across, dips steeply toward the south under the traps- 
Immediately at the contact there is evidence, as pointed out by Professor C. R. 
Van Hise, of a small sharp syncline. Here the upper part of the sandstone is as 
intensely brecciated as are the traps. I 


CONTACT PLANE 


In two localities the actual contact plane of the two formations is nearly or quite 
exposed, and here this plane has a noticeable hade toward the south—that is, 


toward the upthrow side. This, together with the structures in the sandstone v 
already mentioned, marks the displacement as a reversed or thrust fault, the traps, p 
which are older rocks, being on the south or upthrow side and the sandstone being ju 
on the north or downthrow side. H 
th 

CONGLOMERATIC BEDS : pr 

By the faulting some conglomeratic beds of the sandstone are brought to view. ste 
The pebbles are all well rounded, and are composed mainly of rocks which can be in 


referred to the more firm and silicious parts of the adjacent, but not necessarily 
immediately adjacent, traps. With these trap pebbles are some of vein quartz, and 
at one locality pebbles of quartzite, which as far as known cannot be duplicated La 
in this vicinity, are common. Thus the evidence that there was displacement — 


here before the deposition of the sandstone, and that the sandstone was deposited ms 
against a fault scarp shore cliff, and that there has been little displacement since, a 
is not car. The relations here are thus different fromm those at the junction of awa 
the two formations on Keweenaw point. It is only just to state, however, that in Shoy 
Wisconsin all the information to be had from a detailed study of this contact and pyre 
these pebbles is not at hand. — 

* [bid., p. 19 and pl. 8, seetion AB. for a 


Ibid., p. 20 and pl. 9, seetion CD. 
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THICKNESS OF SANDSTONE SERIES 


Where the sandstone has been thrown into an anticline of considerable dimen- 
sions, as already mentioned, an opportunity is had to measure the thickness of 
this series. (In passing, it may be of interest to note that in geological work done 
some years ago there was at times a tendency to mistake secondary cleavage for 
bedding, and thus to make possible enormously large estimates of the thickness of 
certain formations. At this locality, however, the opposite and very uncommon 
mistake was made, and bedding and accompanying cleavage were regarded as 
purely secondary, while a series of horizontal joints were clearly thought to be 
bedding planes.*) On the southern limb of this anticline, which is about 3,000 
feet across and along which exposures are pretty continuous, the dip averages 
approximately 70 degrees toward the south. This gives a thickness, as exposed, 
of about 2,160 feet. It is not unreasonable to suggest that the total thickness of 
the sandstone at this locality does not greatly exceed this figure, for the upper beds 
are marked shales, which in places are highly charged with lime, thus possibly 
representing the beginning of the physical changes which brought on the epoch 
of the Lower Magnesian limestone, a formation which overlies the Lake Superior 
sandstone in the northern peninsula of Michigan, but which is not known in the 
western part of the Lake Superior basin; and the lowest beds exposed along the 
axis of the syncline are quite coarse, and even conglomeratic, thus indicating a 
possible approach to the base of the series. This estimate of the thickness of the 
Lake Superior sandstone is regarded as conservative ; still it shows that the forma- 
tion is of considerably greater vertical dimensions than has been commonly sup- 
posed. ft 


Amount or DISPLACEMENT 


In regard to the amount of this displacement data are not complete; but it is 
very probable that the throw increases from west to east, and the amount of dis- 
placement on the east, where the sandstone has been thrown into the anticline 
just noted, equals at least the thickness of the exposed strata, or over 2,100 feet. 
How much more it is impossible to state, although to this figure we can add some- 
thing for the lower unexposed strata of the sandstone, and to this at least the 
present vertical distance to which the traps near the junction rise above the sand- 
stone. A total vertical displacement of some 2,500 feet is thus quite clear, and not 
improbably the distance is greater than this.{ 


Professor Grant’s paper was discussed by C. R. Van Hise and A. C, 
Lawson. 


* Geol. of Wis., vol. iii, p. 347, 1880. 

t From a well-boring at Ashland, Wisconsin, the thickness of the Lake Superior sandstone has 
been stated to be over 2,500 feet (G. L. Collie, this Bulletin, vol. 12, p. 200, 1901), The writer is not 
aware that any detailed study of the borings from this well has been made. Such a study might 
show that some of the sandstone penetrated had the lithological characters of the Upper Ke- 
weenawan sandstone, which is here thought to underlie the Lake Superior sandstone at an unde. 
termined depth. 

t Since this paper was written and presented another paper has appeared (C. W. Hall, this Bulle. 
tin, vol. 12, pp. 313-342, 1901), in which is presented evidence for the extension of this fault plane 
for a considerable distance to the southwest in Minnesota, 


Grou. Soc. Am., Vou. 13, 1901 
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The following four papers were read by title: 
STILL RIVERS OF WESTERN CONNECTICUT 


BY W. H. HOBBS 
This paper is printed in full in this volume. 


GEOLOGY OF THE NORTHEAST COAST OF BRAZIL 


BY JOHN C. BRANNER 
The paper is printed in this volume. 


CLASSIFICATION OF THE GEOLOGICAL FORMATIONS OF TENNESSEE 


BY JAMES M. SAFFORD 


In the spring of 1900 I had occasion to construct a table of formations for a 


small text-book on the geology of Tennessee.* 


The table includes the more recently recognized formations, introduces some 
changes, and notices certain errors that have been made. It was constructed, as 
will be seen, for Tennessee. Local names are used in many cases and for two 
reasons: first, to bring the subject more nearly home to the student, and, second, 


because many of the formations have a more o1 Jess local development. 


For brief descriptions of the formations, other than those contained in the table 


and notes, the reader is referred to the text-book cited in the foot-note. 


Table of the geological Formations of Tennessee 


Exas. Pertops. | Erocus. 


Recent. 
Quaternary. | 36. Alluvium. 


PLEISTOCENE. | 35. Milan loam. (Yellow loam.) 
Quaternary. | 34. Memphis loess. (Bluff loam.) 
V. Cenozoic. | 
3. Lafayette. (Orange sand; Bluff gravel.) 


NrOCENE. 3: 
Tertiary. 


Eocene 32. 
Tertiary. 31. Middleton. (Clayton; Porters creek.) 


La Grange. (Lignitic; Flatwoods; Bluff lignite.) 


30. Ripley. 


| 
| 28. Coffee sand. (Eutaw.) 


29. MeNairy shell-bed. (Green sand; Rotten limestone.) 


IV. Mesozoic. CRETACEOUS. 

27. Brushy Mountain measures. 
ILI. Patrozore, CARBONIFEROUS. | 26. >B. Coal Measures. < Tracy City measures. 

25. Bon Air measures, 


* The Elements of the Geology of Tennessee, prepared for the use of the schools of Tennessee. 


J. M. Safford and J. B. Killebrew, Nashville, Tennessee, 1900. 
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Table of the geological formations of Tennessee—Continued 


Eras. 


Periops. 


Epocus. 


III, Patgozore. 


II. Eozore, 


CARBONIFEROUS. 


Mountain limestone. 
A. Mississippian Saint Louis limestone. 
or Tullahoma a. 
: Maury Green shale; Ball or 
Sub-Carboniferous. Kidney phosphate. 


Devonray, 


. Black shale. 
. Swan Creek phosphate. 
. Hardin sandstone. 

. Camden chert. 


(Chattanooga shale.) 


(Oriskany.) 


Uprer (or 


. Linden limestone. 
. Clifton limestone. 
. Rockwood beds, 


(Lower Helderberg.) 
( Niagara. ) 
(Clinton.) 


13. White Oak Mountain sandstone. 


. Clinch Mountain sandstone. 
. Clinch Mountain Red shale. 


( Medina.) 


Lower Sitvurian (or 
ORDOVICIAN ). 


( Middle and West Tennessee.) 


Hudson. Hill; 
Cincinnati.) Hudson 
phosphate. 


( East Tennessee.) 9a. Nashville. (Trenton.) 


Sevier shale. 
Includes the fol- 
lowing interpolat- 


Stromatopora, 
J) Cyrtodonta, 
e) Ward. 

d) Dove. 


= ed beds or lenses : ; 
(c) red mar- Pleasant phos- 
3 hate. 
| Crinoid bed. () orthis. 
stone (a) Carter. (Black 
river. 
8. 8a. Stones river. (Chazy.} 


(d) Lebanon. 

(c) Ridley. 

(b) Pierce. 

(a) Murfreesboro. 
(Central. ) 


- Knox dolomite (upper part). 


CAMBRIAN, 


> 


5. 
4. 
3. 


Knox dolomite (lower part). 
Knox shale. Coosa shale; Montevallo 
Knox sandstone. shale and sandstone, 


Chilhowee sandstone. (Weisner sandstone. ) 
. 


2. Ocogr. (Algonkian? 
Talladega. ) 


Partially crystalline, conglomerates, and slates, 


Il. Eozorc. 
AND 
I. Azote. 


1. CRYSTALLINES. 


Provisionally made to include : 
(b) Crystalline Ocoee {Mica and other metamor- 
end phic schists. Gneisses, 
granites, syenites. Dikes 
(a) True Archean. of igneous rocks. 


The name ‘“‘ Crystallines,” suggested by Dr Eugene A. Smith, is used provision- 
ally for the reason that the Tennessee Archean has not been satisfactorily sepa- 
rated from the crystalline Ocoee. 

** Ocoee” was originally used by me * to include the mountain strata so grandly 


* Geology of Tennessee, 1869, 
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exposed in the gorge or canyon of the Ocoee river along its winding course of 12 
to 13 miles through the Unaka mountain range. This appears to be a natural 
grouping, and I have seen as yet no justifiable reason for changing the name, so 
far, at least, as Tennessee and contiguous states are concerned. 

‘‘Chilhowee sandstones”’ is an appropriate name and one which has stood a 
test of time. A few years since the idea was advanced that the sandstones and 
sandy shales of the Chilhowee mountain and its congeners were the offshore de- 
posits of certain Upper Silurian formations ; but it has been shown that this can 
not be the case. They may be offshore deposits, but are of far older date. 

Very curiously, the name Chilhowee has been objected to on the ground that 
the formation has been called by several names; hence it was argued that Chil- 
howee ought to be dropped and another name taken. This procedure ignored the 
fact that the name Chilhowee had been used for the formation for many years 
before the others were even thought of. Furthermore, some of the names resulted 
from errors as to the age of formation. Briefly, the dropping of the name Chil- 
howee is not justified. 

* Sevier shale” ought to be numbered 9, with perhaps the exception of its top- 
most part. 

The name ‘ Stones river’ was used by me in a report published in 1856.* It 
was made to include certain bluish and dove colored limestones—in all, about 300 
feet thick and outcropping chiefly along the course of Stones river,t in Rutherford 
county, Tennessee, and the lowest to be seen in the central part of the state. 

It included also the Carter (Carter limestone) of the table. In my larger report 
of 1869 ¢ it was not used, the name ‘‘ Lebanon ”’ being substituted. 

On the suggestion of Mr E. O. Ulrick, who had personally examined the lime- 
stones along the river and had carefully studied their fossils, both those acquired 
by him and those of my own cabinet, I restored my old name, ‘‘ Stones river.” In 
fact, Mr Ulrick had already made use of it in his writings. The name is especially 
appropriate to the geological and paleontological conditions present. 

“Capitol, Mount Pleasant phosphate,”’ is the first phosphate met with in ascend- 
ing the Tennessee series of rocks. 

“Hudson, Hudson phosphate,” is the second phosphate ascending. || 

“Camden chert’’ is a very fossiliferous chert, well characterized and a new 
member in the Tennessee series of formations, 50 to 100 feet in thickness.{ 

‘* Hardin sandstone”’ is generally a fine grained, bituminous, grayish sandstone, 
locally running into the phosphate above it. It isa new member of the Tennessee 
series. In Hardin county it reaches a thickness of 12 to 15 feet. 

The three formations—the Hardin sandstone, the Swan Creek phosphate, and 
the Black (Chattanooga) shale—are related. They are more or less phosphatic, 
abound ina small lingula, apparently the same in all, and, furthermore, are locally 


’ 


*A Geological Reconnaissance of the State of Tennessee, Nashville, Tennessee, 1856, pp. 164. 

+ Stone’s or Stones river, not “Stone river,’ as erroneously given in some histories. We ought 
to read, for example, the battle of Stones river, not of “Stone river.’ It is Stones river, so 
named in honor of a Mr Stone, one of the pioneers who first explored the section of Tennessee 
through which the lower part of Stones river runs, and not because it has a stony bed. 

t Geology of Tennessee, Nashville, Tennessee, 1869, pp. 550, with plates. 
¢See Elements, pp. 127, 128; also the American Geologist, vol, xviii, pp. 261-264, and other publi- 


cations, 
| See Elements, pp. 129, 130. 
{See American Journal of Science, vol. vii, 1899, pp. 429-432. 
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interbedded. Thin layers of the phosphate rock are seen at points interlaminated 
in the lower part of the Black shale.* 

In the ‘‘Swan Creek phosphate ’’ we have another recently recognized member 
of the Tennessee geological column, and an interesting and important one. Its 
horizon is always indicated by the Black shale above and often by the Hardin 
sandstone below. It is the third phosphate rock.t 

The “‘ Maury Green shale” has importance as holding imbedded in it ball and 
kidney shaped concretions of phosphate rock. The concretions contain from 50 to 
60 per cent of calcium phosphate. The shale has a thickness of from a few inches 
to 5 feet. The concretions make a fourth horizon of phosphate. 

In the vicinity of Tullahoma, in the breaks of the flat highland on which Tulla- 
homa is located, are beautiful waterfalls or cascades,t where may be seen good sec- 
tions of a characteristic cherty limestone belonging to this division. Hence the 
name ‘‘ Tullahoma limestone” was adopted. The same rock is seen in the bed of 
the stream at the edge of the town. At other points it has been thoroughly leached, 
the calcareous part being removed and layers or blocks of chert or shale left. 

As a whole, the lower part of the sub-Carboniferous in Tennessee is markedly 
silicious. In the west we have a calcareo-silicious shale with chert (the Harpeth 
shale); then cherty limestone, leaving by weathering, masses of chert; and finally 
in the east sandstones and shales. These sandstones and shales have recently been 
referred to the Devonian under the name of the Grainger shale, but there is good 


‘reason for believing them to be sub-Carbonferous where they were originally 


placed. 

The name “‘ Mountain limestone ” for Tennessee and north Alabama is especially 
appropriate. It is the great formation of the base of the Cumberland mountains. 
Hence we have retained it. 

The subdivisions of the Coal Measures given—the ‘‘ Bon Air,” the “ Tracy City,” 
and the ‘‘ Brushy Mountain ”—are in good part topographical and are intended for 
Tennessee students. Though an expedient, there is reason for this arrangement, 
The Cumberland mountains, speaking generally, area great tableland. The flat 
rock of large areas of this tableland is the great conglomerate, recognized as such 
from Pennsylvania to Alabama, and which for local reasons I have named Sewanee 
conglomerate. This rock terminates the Bon Air measures above. Important 
coal beds and mines lie below it; among them the Bon Air mines; hence the 
name of the division. 

Above this, terrace-like, rises the second division. It makes many second 
benches and upper, back smaller tables. This is likewise terminated above by a 
conglomerate. The division is from 250 to 500 feet thick and contains from three 
to five seams of coal, the most important of which, the name Sewanee, is exten- 
sively mined in the saeeatid of Tracy City, the town giving name to the Gvisten. 


* It has been suggested that the Black shale is Mississip »pian + Seale Car bentineeebe ; if so, then the 
Hardin sandstone and the Swan phosphate are most likely of the same age. 

tSee, further, Elements, p. 138; also the American Geologist, vol. xii, 1894, pp. 107-110, and other 
published accounts. In the Geologist a section is given embracing the formations above and 
below. 

t At the base of the sections of the cascades may usually be seen the Maury Green shale, the 
Black shale, and the Swan Phosphate, all however, thin and poorly represented, especially the 
Green shale and the Phosphate. 

2 Geology of Tennessee, Nashville, 1869, pp. 298-348. 
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The cap-rock of this division is recognized in the water gap of Big Emory near 
Harriman; hence a name I have given to it, the ‘‘ Emory sandstone.”’ * 

The topography of the tableland which marks out the Bon Air and Tracy City 
divisions is more characteristic in the western portion, where the strata are hori- 
zontal or but little inclined, than in the eastern. In the eastern it is mostly ob- 
scured by the folds and displacements of the strata. 

On the Tracy City divisions rests the Brushy Mountain measures, not much if 
any less than 2,000 feet in thickness, a great series of shales and sandstones, with 
very little limestone. These include not less than 14 coal horizons, half of which, 
or thereabouts, are coalbeds of workable thickness. The Brushy mountains are 
a great mass of mountain ridges, sharp crested, and reaching 1,400 to 1,800 feet 
above their bases. They are confined to the northeastern counties of the coal- 
fields. 

Tiese measures rest in turn, descending, on the Tracy City and Bon Air meas- 
ures. A drill driven down vertically from one of the high peaks of the Brushy 
Mountain measures to the mountain limestone at the base of the entire coal series 
would pass through the strata of the three subdivisions ‘for a distance of nearly 


3,000 feet. 
Middleton is a Tennessee name; hence the adoption of ‘‘ Middleton-Clayton.” 


Another name is Midway. t 
The remaining formations explain themselves and need no comments. 


HORIZONS OF PHOSPHATE ROCK IN TENNESSEE 
BY JAMES M. SAFFORD 


The object of this note is to point out the different horizons of phosphate rock 
observed in middle Tennessee. There are four of them, all of which are regularly 
stratified or are the residues after leaching of regularly stratified rocks. In addi- 
tion, there is a fifth occurrence comprising irregular deposits, formed—travertine- 
like—by precipitation from solution. 

The following enumeration and summary is in part from a small school book, 
“The Elements of the Geology of Tennessee: ”’ t 

The Mount Pleasant, of Nashville or Trenton age, occurs over a wide extent of 
country; rock of high grade, mined cheaply in open excavations; production 
great and increasing. 

The horizon of the Hudson, of the Hudson or College Hill age, is near or at the top 
of the Lower Silurian limestone and from 100 to 200 feet above the Mount Pleasant 
rock. Near and north of Nashville it is found at the tops of the hills; occurs in 
large quantities in Sumner county, also in Hickman county, occupying a lower 
topographical level, and, like the Mount Pleasant, mined in open excavations ; 
production considerable and increasing. 

The Swan creek, a division of the Devonian period, lies in the hills, like a bed 
of stone coal, and but little above the horizon of the Hudson—in fact, at Tottys 


*See Elements, pp. 151. 


+See vol. 1, Bulletins of American Paleontology, no. 4; The Midway Stage, by G. D. Harris, 
Cornell University, Ithaca, New York. 

t The Elements of the Geology of Tennessee, prepared for the use of the schools of Tennessee. 
J. M, Safford and J. B. Killebrew, Nashville, Tennessee, 1900, p. 142. 
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bend, in Hickman. It rests on the Hudson. Westerly from this the Niagara 
limestone soon wedges in and separates the two. Mined for the most part like 
stone coal, by a system of tunnels and underground rooms. 

The imbedded phosphate concretions of the Maury Green shale make the fourth 
horizon. This is sub-Carboniferous, and lies at the base of that division and right 
above the Black shale. If the ba!ls of phosphatic rock were mined in large quan- 
tities, it would be mostly by tunneling. They have been used but little, having 
been thrown out of consideration by the other abundant and superior phosphates. 

Perry County phosphate, white and variegated in color, occurs in valleys in 
Perry county and belongs to no particular geological horizon, as its masses have 
been deposited from water on the rocks of several formations. Sometimes the 
Perry County phosphate presents itself in handsome marble-like pieces, not mixed 
with foreign matter; then again it isa medley of white mineral with broken chert. 
It occurs in large quantity and has been industriously quarried for market. 

The age of the Mount Pleasant phosphate formation is easily shown to be Tren- 
ton or Nashville of the Lower Silurian. Its bed or the phosphate limestone from 
which it comes rests on what is known in Tennessee as the Orthis bed, so named 
for the reason that it is almost wholly composed of the valves of Orthis testudinaria. 

The rock yielding the Mount Pleasant phosphate I have named “ Capitol lime- 
stone,’’ for the reason that it supplied the rock used in building the Tennessee 
capitol. It is a granular, bluish gray, current-formed rock, 25 feet thick, lami- 
nated by thin seams rich in phosphate alternating with seams of rock less so and 
lighter in color. The lamination is best seen on weathered surfaces. Its grains 
are mostly comminuted shells and corals. Often the rock is very rich in minute 
fossils (Cyclorze, Conodonts, etcetera). After the leaching, more or less perfectly, of 
the limestone there remained the available phosphate from 2 to 6 feet in thickness, 
rarely reaching 8 or 10 feet, and yielding from 70 to 82 per cent of calcium phos- 
phate. It underlies some 6,000 or 7,000 acres, as estimated, is only covered by the 
soil, and is worked as an open quarry. 

When the phosphatic limestone is covered by strata of rock, leaching does not 
take place, or but imperfectly: hence the leached product is found on the out- 
crop and covered only by the soil. 

The Hudson phosphate comes from a phosphatic limestone which is much like 
the last ‘named and like it suffers leaching. The phosphate is mined in open ex- 
cavations. It ranges from 100 to 200 feet above the Mount Pleasant rock ; con- 
tains Cyclonema bilix, Pterinea demissa, large Orthis lynx, O. occidentalis, Stropho- 
mena alternata, and minute shells and Conodonts. 

Snow Creek phosphate is not a product of leaching, but a bed of phosphate. It 
is a dark rock, substantially, but weathers superficially to a yellowish gray, and 
then resembles sandstone, for which it has been mistaken. It contains the bones 
of large fishes, and also, like the other beds below it, multitudes of the shells of 
Cyclorze, Conodonts, etcetera. 

Concretions of the Maury Green shales occur in places, crowded together in 
layers 18 to 20 inches in thickness. When rounded they look like so many closely 
packed, moderately sized cannon balls. They are, however, generally loosely 
scattered through the shale. They are wonderfully persistent, and can be found 
almost always in mend above the Black shale, | though nonally of mom size.* 


* For. inform: as to the economie relations of the ites, see E of the Ge 


of Tennessee,” pp. 208-215, 
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After announcement of excursions in connection with Section EK, 
American Association for the Advancement of Science, the Society 
adjourned. 
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CHARACTER OF THE DRAINAGE 


The prevailing direction of streams within the state of Connecticut is 
southerly to southeasterly, in general correspondence with the slope of 
the Cretaceous plane of erosion. There are many small tributary streams 
which have northerly courses, but the most notable exceptions to the 
general rule are two streams which flow almost due north, and which, 
though separated by a distance of less than 25 miles, bear each the name 
Still river. The easternmost of these rivers is a tributary of the Farm- 


ington, while the other flows into the Housatonic. The name Still river 


is in both instances appropriate, for while the average fall of the normal 
streams of the region for the first 15 miles in their courses is about 70 
feet to the mile, the Still river which is tributary to the Farmington 


Sheldon, and H. Allen Smith. 
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tributary to the Housatonic falls 200 feet in 15 miles, or an average of 
13 feet per mile. 


CONDITIONS AFFECTING THE DRAINAGE GENERALLY 


The orientation of the present drainage lying within the state of Con- 
necticut is due to many different causes. Most important of these 
appear to be: (1) the slope of the plane of erosion, which is now being 
dissected ; (2) the channels which remain as a legacy from the previous 
geologic cycle; (3) geologic structure planes; (4) the areal distribution 
of harder and softer rocks, and (5) the formation of drift barriers during 
the Glacial period. The first and the last mentioned conditions have had 
a larger or smaller influence upon the general direction of the streams, 
while the second, third, and fourth conditions have fixed more definitely 
the orientation of the stream channels. The importance of geologic 
structure planes in fixing the direction of drainage lines has, in the 
opinion of the writer, been very much underestimated by the modern 
school of physiographers. Its importance in the Connecticut region 
has been treated in another place* and need not be fully discussed here. 


Rocks oF THE REGION 


The rocks of the region in which are the rivers here under considera- 
tion are gneisses and schists of Cambrian and pre-Cambrian age, with 
intrusive igneous masses and occasionally narrow belts of crystalline 
limestone or dolomite. As regards resistance to stream erosion, the chief 
differences are between the limestone on the one hand and the more 
resistant gneisses, schists, and igneous masses on the other. The two 
rivers present somewhat different conditions and should be considered 
separately. 


Tae Stitt River Tripurary TO THE FARMINGTON 
COURSE OF THE STREAM 


As already mentioned, this stream has a course against the prevailing 
slope of the region. It takes its rise about 2 miles north of the city of 
Torrington, in a hardly perceptible divide separating its basin from that 
of the Naugatuck. Its course is north 30 degrees east for about 5 miles, 
then north 18 degrees to 20 degrees east, in a nearly straight line for 
about 7 miles, to a series of cascades, which in the succeeding and last 


*The Newark system of the Pomperang valley, by William Herbert Hobbs, Tweaty-first Ann. 
Rep. U. S. Geological Survey, part iii, 1899-1900, pp. 137-152: also The river system of Connecticut, 
by William Herbert Hobbs, Journal of Geoloty, vol. ix, 1901, pp. 469-484. 
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mile of the river’s course represent a total fall of about 100 feet. The 
stream empties at Robertsville into Sandy brook, one and one-half miles 
above the latter’s junction with the Farmington. The Still meets the 
Sandy in a direction at right angles to its course. The pebbly bed 
of Sandy brook is here in striking contrast with the cascades by which 
the waters of the Still gain its level. For all save the extreme northern 
portion of its course, the Still river flows in a deep valley, the walls 
of which rise rather steeply 400 to 500 feet, though it is observed that 
the eastern slopes are less steep than the western. Near its outlet into 
Sandy brook this trough loses its distinctive characteristics. 

At Winsted, 4 miles above its outlet, the Still receives the waters of 
the boisterous Mad river, which, starting at Summit station in Norfolk, 
flows 8 miles in a deeply incised valley to the junction with the Still, 
during which flow it falls 600 feet, an average of 75 feet to the mile. 
The deeply incised valley of Mad river is prolonged beyond the junction 
with the Still by the similar valley of Mohawk brook, a direct tributary 
of the Farmington. . The divide between the Still and the Mohawk is a 
low drift barrier, which closes the entrance to the latter from the former. 
The deeply cut valley troughs of the Still and of the Mad-Mohawk thus 
produce a nearly right cross, at the center of which is the city of Winsted. 


CONDITIONS DETERMINING THE STREAMS COURSE 


There is an indication that the valley of the Still has been given its 
direction by a narrow belt of limestone inclosed between walls of gneiss. 
Of this belt only half a dozen scattered remnants are now to be found. 
Their positions are indicated on the map (figure 1) by the crosses. 
These narrow lenses, which are still preserved, are believed to represent 
the remnants of a trough infolded in the underlying gneiss. On this 
assumption these areas would formerly have been continuous and have 
formed a belt, the area of which at the beginning of the cycle may have 
been as large or larger than the present valley. Some indication of a 
second and parallel belt is perhaps afforded by the two small exposures 
of limestone farther to the east, the one about a mile east of Winsted and 
the other on the Ramsbottom place, approximately the same distance 
east of Robertsville. 

The Mad-Mobhawk valley takes the normal direction for a stream 
tributary to the Farmington. The valley of the Still is an extension of 
that of a small eastern tributary of the east branch of the Naugatuck, 
and its life history is best interpreted by assuming that the erosion of 
the Still valley was begun by the Naugatuck, which, working in the 
softer and more soluble dolomite, acquired an advantage over that 
branch of the Farmington which occupied the Mad-Mohawk valley. 
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The Naugatuck thus 
acquired more and 
more of the territory 
of the latter stream, 
until the trunk was 
tapped and the upper 
waters diverted to 
itself. The new stage 
of the river’s history 
thus inaugurated, 
and also the con- 
ditions during the 
preceding stage, are 
illustrated by the sec- 
ond and the first dia- 
grams respectively of 
figure 2. 

The reversal of the 
drainage in the Still 
valley seems here to 
have been brought 
about by the drift ob- 
structions thrown up 
during the Glacial 
period. Barriers: of 
this kind have been 
observed at the pres- 
ent divides separat- 
ing the Naugatuck 
and Mohawk drain- 
ages from that of the 
Still. The narrow- 
ing of the Still-Naug- 
atuck valley north of 
Daytonville shows 
two channels sepa- 
rated by an island of 
gneiss. The western 
channel is filled with 
an accumulation of 
gravel and boulders, 
which partakes of the 
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character of a “ Bears den” moraine. This ridge rises to an elevation 
of about 160 feet above the bottom of the eastern channel, where runs 
the highway and both of the railroads connecting Winsted with Torring- 
ton, and where is the hardly perceptible present divide between the two 
river systems. Here is found a little of the uneroded limestone. It is 
therefore, highly probable that the Naugatuck was once dammed by 
an obstructing ridge of drift which completely choked both the east and 
the west channels at this point. . 

A second barrier of drift, which is still intact save where it has been 
pierced by the railway, closes the Mohawk valley to the waters of the 
Still. The summit of the obstructing ridge is about 45 feet above the 
present valley of the Still, in the same latitude. The effect of the dam- 
ming near Daytonville, therefore, while it might discharge some of the 
impounded waters into the Farmington through the Mohawk by over- 
topping the obstruction, would extend the ponded area in the direction 
of Robertsville and also a small distance up the steeply ascending valley 
of the Mad. The top of the rock cut at Robertsville where the cascades 
begin in the discharge of the Still into the Sandy is, by aneroid measure- 
ments, 68 feet below the Winsted railroad station, which is at about the 
altitude of the top of the barrier which closes the Mohawk valley. This 
corresponds, then, to a fall of the river of about 23 feet in the 3 miles 
between Winsted and Robertsville falls. A new outlet for the impounded 

yaters would, therefore, have been found over the steep wall at Roberts- 
ville into the Sandy, whose bed lies a full 100 feet below. Thus has 
doubtless been produced the beautiful series of cascades whose energy 
has been found so valuable in supplying the light for the city of Win- 
sted. The third and fourth diagrams of figure 2 illustrate respectively 
the lake and the present stages of the river’s history. 

Plate 1 is a view of the upper cascade from a photograph taken before 
the construction of the dam and power plant. 


Tue Stitt River Trrpurary To THE Housatonic 
COURSE OF THE STREAM 


While the Still river of the Housatonic drainage area is believed to 
afford, like that just described, an instance of reversed drainage, the 
causes which have brought about the reversal are here by no means so 
clearly indicated. As shown upon figure 3, this sluggish stream flows 
from the city of Danbury in a direction about due north, and in a dis- 
tance of about 18 miles from the headwaters of its eastern branch has a 
fall of about 200 feet—about 11 feet to the mile. It forms its junction 
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UPPER CASCADES OF (FARMINGTON) STILL RIVER 
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CONDITIONS AFFECTING STREAM’S COURSE 


with the Housatonic 
in such a way that the 
downstream direction 
of the tributary is con- 
tinued bytheupstream 
direction of the master 
river. 

CONDITIONS DETERMIN- 
ING THE STREAM’S 
COURSE 

Like the Still river 
of the vicinity of Win- 
sted, geological condi- 
tions have here largely 
determined the courses 
of both the Still and 
the Housatonic. 
Throughout its course 
the Still and, above its 
junction with the Still, 
the Housatonic have 
their channels directed 
in strict conformity to 
the course of a belt of 
the Stockbridge lime- 
stone. On either side 
of the limestone belt 
rise dissected uplands 
of the harder gneisses, 
schists, and included 
igneous intrusive 
rocks. Near the junc- 
tion of the Still with 
the Housatonic the 
contact of the harder 
and softer formations 
has been indicated on 
the map(figure 3), and 
it will be seen that the 
stream junctionisatthe 
contact on the eastern 
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Ficure 3.—Map of the (Housatonic) Still River and Vicinity. 
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side of the limestone belt. The course of the Housatonic from this point 
across the uplands of harder rocks, despite the fact that the easier course 
to the sound is now apparent in the topography, introduces special diffi- 
culties of explanation. 


THEORIES AS TO CERTAIN FEATURES OF DRAINAGE 


Kiimmel * has suggested the theory that the Housatonic is here a 
stream consequent upon post-Triassic tilting and faulting, the assump- 
tion being apparently that its channel, when conditions determined its 
present course, was still maintained by the river during the uplift of the 
land. 

Crosby ¢ has apparently adopted the same view for this and other ex- 
cursions of the Housatonic into the gneiss uplands. While admitting 
the possible adequacy of this hypothesis, I am inclined to find the ex- 
planation rather in the influence of structural valleys in the harder 
rocks, taken in connection with that of obstructions formed during the 
Glacial period. The evidence seems to me to point strongly in the 
direction of an earlier course for the Housatonic through the valley of 
the Still to some other valley through which its waters reached the sound. 
In a paper { read before this Society in June, 1900, I suggested this ex- 
planation and mentioned the Saugatuck river as one through whose 
valley the waters of the Housatonic may have been conducted to the 
sound. At about the same time Crosby § suggested that the waters of 
the Housatonic probably once flowed from near Merwinsville through the 
valley of the Swamp river into the Croton basin. That the valley of the 
Still was formerly occupied by a large stream is probable from its wide 
valley area. 

As already stated, the structural valleys believed to be present in the 
crystalline rocks of the uplands due to post-Newark deformation may 
well have directed the course of the Housatonic after it had once deserted 
the limestone. The evidence for the existence of nearly vertical planes 
of dislocation and of the movement of included orographic blocks along 
them within the area of western Connecticut has been included in the 
author’s papers above referred to.|| It will suffice to state here that the 
principal elements of the river’s zigzags within the gneiss belt agree 
closely with the well determined series of vertical fault planes character- 


* Henry B. Kimme!: Some rivers of Connecticut, Jour. Geol., vol. i, 1893, p. 381. 
+ W. O. Crosby : Notes on the geology of the sites of the proposed dams in the valleys of Housa- 
tonic and Ten-mile rivers, Technology Quarterly, vol. xiii, Jane, 1900, p, 121. 


t The present paper, which, slightly expanded, was read by title at the Denver meeting, August 


27, 
2 Loe. cit. 
Twenty-first Annual Report U. 8S. Geological Survey, 1899-1900, part iii, pp. 160. 
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The view looks northwest toward the bridge at Still river. 
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THEORIES AS TO DRAINAGE FEATURES 


izing the Pomperaug Valley area a few miles to the east. The deep 
gorge of the Housatonic (see plate 2, figure 1), through which the river 
enters the uplands not only crosses the first high ridge of gneiss in the 
rectilinear direction of one of the fault series, but its precipitous walls 
show the presence of minor planes of dislocation, along which the bottom 
of the valley appears to have been depressed 

To turn the river from its course along the limestone valley some ob- 
struction or differential uplift within the river basin may have been 
responsible. The former seems to be the more probable explanation in 
view of the large accumulations of drift material in the area south and 
west of Bethel and Danbury. 


SOURCES OF THE STREAM 


One of the present sources of the Still is in a high dam of glacial 
material which chokes the rock channel connecting the Bethel- Danbury 
valley with the valley of the Saugatuck. The belt of limestone con- 
tinues through this well marked river cut to the village of West Red- 
ding. Another branch of the Still meets the Croton system at an almost 
imperceptible divide in the deep rock channel through which passes the 
Highland division of the New York, New Haven and Hartford railroad. 
The former discharge of the waters of the Housatonic through the Still 
into the Croton system, on the one hand, or into the Saugatuck, on the 
other, would require the assumption of extremely slight changes only in 
the rock channels which now connect them. In one case the Highland 
and in the other the Danbury division of the New York, New Haven 
and Hartford railroad has taken advantage of these possibly old chan- 
nels. 

The excursion of the Housatonic into the gneiss-schist area begins at 
Still River station by a fall of 8 to 10 feet over a shelf of the harder rock 
(see plate 2, figure 2). This fall may be explained if the channel of the 
former Housatonic were more deeply cut along the western margin of 
the gneiss area and an impounding of the water should raise its level to 
the top of the gneiss obstruction, and thus furnish an outlet through the 
fault gorge to the southeast. ‘To assume that the Still river has not been 
reversed, but has taken its present course against the prevailing slope of 
the Cretaceous plain of erosion and wholly in consequence of the easy 
erosion in the belt of limestone, leaves many things to be explained. 

The valley of the Still is much too wide to be explained by erosion of 
a stream of such small volume and slight declivity. The deep and wide 
rock channels connecting the branch basin of the Still with those of the 
Croton and Saugatuck require also an explanation. Again, the rock 
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shelf at Still River station, over which the Housatonic falls, is less satis- 
factorily accounted for, although the formation of a Graben in the gneiss 
in post-Newark time is the hypothesis which is favored by the present 
writer in the explanation of the course of the Housatonic below this 
point. Detailed study over a considerably larger area than that which 
is here considered will be necessary before all the episodes in the history 
of the Housatonic can be adequately recorded. 
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INTRODUCTION 


This paper combines several conclusions which the writer has pub- 
lished elsewhere during the last decade, together with a few that are 
here presented for the first time, and is an attempt to set them forth as 
a consistent whole. In order to present a connected story, a few tenta- 
tive conclusions and even mere guesses are introduced, but are distinctly 
marked as such. Nearly all the streams mentioned have been more or 
less personally examined. 


OroGENIC MOVEMENTS BEFORE THE PLIOCENE 


In the later Archean or pre-Cambrian there were evidently upheavals 
at both ends of the state; in the center of the Black hills and on the east 
an extension of land from Minnesota between Dell rapids and Sioux 
falls westward to the James river. 

Of the early Paleozoic little need be said, except that there was evi- 
dently land in or near the Black hills, as is proved by the occurrence of 
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quite large pebbles in the Potsdam sandstone. Probably the Archean 
core of the hills was land exposed to the attack of the sea and contrib- 
uting largely to the material of that formation. 

As Paleozoic time advanced, the western area gradually diminished, 
both by erosion and subsidence, while the eastern area, on the whole, 
increased several fold by gradual elevation. 

An episode marked by the Silurian beds near Deadwood was a differ- 
ential subsidence of the Black Hills region to the north, with a probable 
elevation on the south. The beds mentioned are found only around the 
north end of the hills. 

Of the Devonian little isknown. Thirty feet or more of green shales 
are doubtfully referred to that age, but no distinct break is found. Dur- 
ing the Carboniferous a shallow sea surrounded the island, over which 
several feet of limestone were formed. Harney peak at that time, as we 
believe, was not wholly submerged. 

With the close of the Paleozoic the sea began to retire from the Black 


hills, and probably continued the same movement around the eastern 


area. The extent in either case is not definitely known. As no Paleo- 
zoic beds have been recognized in the numerous wells which have been 
put down to crystalline bed rock east of the Missouri, it is doubtful 
whether the sea occupied that region during the Paleozoic and early 
Mesozoic. If it did at any time, all of the deposits there formed seem 
to have been completely removed. 

The sea attained a minimum of extent in our state during the Tri- 
assic, if we read rightly the significance of the gypsiferous red clays barren 
of fossils; but with the beginning of the Jurassic began a steady gain. 
The gain seems to have been very rapid during the early part of the 
Dakota epoch, but the sea was quite shallow. This advance continued, 
probably, until the later part of the Niobrara stage of the Colorado. 
During the Fort Pierre epoch we may suppose it again retired, until at 
the opening of the Laramie it merely verged on our northern border. 
The evidence is that during that age the northern part of our State alter- 
nated between shallow seas and marshes with lakes. We have no dis- 
tinct trace of the drainage of that epoch, unless it be in the Little Mis- 
souri and the upper part of the Belle Fourche; also in the upper courses 
of the streams draining the Black hills. We can easily believe that the 
drainage in the state elsewhere was generally toward the north, as we 
have indicated on the map. 

The same general relation continued through the Eocene. The streams 
gradually deepened their valleys. This fact is attested by the eroded sur- 
face of the Montana below the Tertiary beds generally, and by deposits 
of gravel which are found under the Tertiary beds along French creek 
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near Fairburn, along Battle creek and Lame Johnny creek, and doubtless 
at other points. Traces of these gravelly deposits are found below the 


Titanotherium beds along Indian draw and at other points. 

During the Miocene, including the Oligocene, it has been commonly 
believed that a large freshwater lake crossed the state from north to south, 
east of the Black hills. This lake lay nearer the Black hills during the 
White River stage and shifted toward the east during the Loup Fork 
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Frieure 1.—Hydrographic Conditions of South Dakota for the Epochs indicated. 


stage. Later investigations have made it certain that much of the mate- 
rial was deposited by rivers in their valleys and deltas, particularly in 
the vicinity of the Black hills. Some also have the idea that eolian 
deposits form a large portion of these beds. There can be little doubt, 
however, considering the topographic relations, that extensive lakes 
occupied much of the region, if not so extensively as formerly thought. 
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Traces of supposed wave action are not infrequently found.* The ex- 
tensive deposit of fine material may have been deposited in lakes, as well 
as by atmospheric action, and the rarity of freshwater mollusks may be 
atiributed to the muddy character of the waters. 

While, therefore, the complete establishment of the earlier lacustrine 
view is not claimed, nevertheless by reason of the numerous marks of 
water action, the mapping has been done in accordance with that view. 

That the Miocene deposits reached into the James River valley is in- 
ferred from the general slope and altitude of the deposits west of the 
Missouri and their identification at corresponding altitudes in the Ree 
hills and Bijou hills, and less certainly in the Wessington hills. It is 
possible that the Tertiary may not have extended much north of the 
Great Cheyenne river, except in the northwestern part of the state, where 
it is finely developed in the Slim buttes and Short Pine hills. In such 
a case the streams in the eastern part of the state probably flowed south- 
west into the Tertiary basin. Traces of deltas and other fluviatile de- 
posits of the Oligocene epoch should be sought for under the eastern 
portion of the Loup Fork beds. 


MOVEMENTS IN THE PLIOCENE 


OUTLINING OF EXISTING STREAMS 


With the Pliocene we enter on surer ground and recognize the outlin- 
ing of many of our existing streams. By this time lake Cheyenne, as 
King called it, had become filled and tilted, so as to drain toward the 
southeast. This we may attribute to the gradual rise of the Rocky Moun- 
tain axis. The same movement at an earlier stage would account for 
the shifting of the lakes toward the east during the Miocene. Streams 
that had begun in the Black hills as early as the Laramie had, during 
the Miocene, built their deltas across the lakes in spite of their shifting 
farther east, so as to form eastward courses for themselves, until they 
reached the bottom of the geosynclinal fold near the eastern edge of the 
Tertiary deposit. In this way our state simply shared in the movements 
common to the whole west side of the Missouri valley. The valley of 
the James in this state corresponded to the Missouri in Nebraska and 
Kansas. 


PERSISTENT EASTWARD DRAINAGE 


That the drainage was eastward across the present South branch of 
the Cheyenne is abundantly attested, first, by numerous erratics from 
the Black hills capping extensive areas in the valleys of the White river 


*Cf. Bulletin 2, South Dakota Geological Survey, p. 62. 
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and Bad river; and, secondly, by traces of shallow channels crossing 
the divide. 

The divide is strewn with pebbles and cobblestones generally at an 
altitude of 550 to 600 feet above the present Cheyenne,* in northern 
Ziebach county, and 350 to 400 feet above it fifty miles farther south, 
the difference being mainly due to the descent of that stream. “ Cedar 
mountain,” near White river, bears on its summit, 300 feet above that 
stream, near its junction with Porcupine creek, a heavy deposit of gravel 
and boulders of various crystalline rocks from the Black hills. Similar 
deposits of smaller size occur 150 miles due east of that point, capping 
terraces 500 to 600 feet above the Missouri, and near it a few miles south 
of White river in Lyman county. Pebbles of porphyry resembling vari- 
eties in the Black hills occur on the general upland level near Bonesteel, 
Gregory county. Similar crystalline erratics occur along the Niobrara 
as far east as Long Pine, and doubtless farther. 

Some higher points in the Pine Ridge agency and along the divide 
between the White and Niobrara rivers are probably not strewn with 
these erratics. 

Referring to the Pliocene map, we see all of these streams making 
their way eastward to the James River valley. This feature is attested 
by the evidences of the change described in the next stage, and we only 
need to state here that the Bijou hills are clearly a continuation of the 
range of buttes, remnants of the old Miocene plain, which form an old 
divide between the White and Niobrara rivers. Moreover, this highland 
continues to a point south of Plankinton. So also the Tertiary beds in 
the Ree hills and Wessingtons, already alluded to, are evidently a con- 
tinuation of the divide between the Bad and White rivers. So also 
Fox ridge west of the Missouri finds its continuation in the high ridge 
east of that stream from Gettysburg to Faulkton. 

It should not be thought that the lines of these streams as represented 
on the Pliocene map should be found as buried channels, filled with 
drift, as is frequently the case with pre-Glacial streams in other parts of 
our country, for the baselevel for them all (except perhaps the Niobrara) 
was at a considerably higher level than in the present corresponding 
streams. 


BEHEADING OF STREAMS FARTHER SOUTH BY THE CHEYENNE 


At what time the South fork of the Cheyenne attained its present re- 
lations we are unable to say to a certainty. Possibly it may not have 


* Bulletin 2, South Dakota Geological Survey, p. 519, and Bulletin 1, South Dakota Geological Sur- 
vey, p. 123. 

+ This conclusion was reached by the writer and published in 1884. Proc. Am. Assoc. Ady. Sci., 4 
vol. xxxiii, p. 391. 
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been before the early Pleistocene, but considering the erosion of the 
Cheyenne since that time and the height of the divide between it, and 
the headwaters of Bad and White rivers, it seems likely that the change 
was accomplished in the Pliocene. 

The reasons for the Cheyenne overreaching its fellows may be found 
in three conditions : 

First, the greater rainfall in the northern hills. Though we may not 
understand the conditions which produce this at present, we see no 
reason why the same should not have existed in the Pliocene. This 
greater rainfall must have increased the erosion in the main portion of 
the stream and rapidly deepened it. 

Second, the thinness of the Tertiary beds and the more easy erosion 
of the Montana beds underlying. Though the Tertiary beds have been 
mainly removed, it is probable that they extended to the Cheyenne in 
its middle course, and they certainly crossed it near the Black hills. 

Third, the probable cutting back of the stream at an early date so 
as to capture the headwaters of a stream flowing north, possibly a 
branch of the Little Missouri and now the upper course of the Belle 
Fourche. 

By the united influence of these conditions we can understand how 
the Cheyenne would outstrip its fellows in reaching baselevel. More- 
over, the streams flowing eastward from the Black hills having their 
upper courses lying on the easily eroded Montana clays would have 
rapidly widened their valleys until the divides separating them would 
have been much narrowed if not completely broken at some points. In 
case of floods, which were probably more frequent at that time because 
of the gentler slope, overflows may have early extended into adjacent 
streams. In view of these relations it is not difficult to see how a tribu- 
tary of the Cheyenne should cut back, along the line of junction between 
the Tertiary and the Montana, soutl.ward, nor is it difficult to believe 
that in a comparatively short time all the streams draining the Black 
hills were united in one system, as at present. This having been ac- 
complished, the Cheyenne became the principal stream in size of valley 
and amount of water. 


THE ANCIENT MINNECHADUSA 


A few other less important particulars should be noticed. During 
the Pliocene it is likely that the south branch of White river, follow- 
ing the common easterly trend, entered the Niobrara through the 
Minnechadusa at Valentine. Though this channel has not been fully 
explored, it is known that from the abrupt bend in that stream there 
extends a broad valley toward the Minnechadusa, and above that point 
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the South fork of the White river has a wide valley.* Moreover, be- 
tween that point and the White river there are several miles of canyon 
in which there are falls. One is near the mouth of Rosebud creek. 

Another peculiarity which should not be overlooked is that the Nio- 
brara from its present ‘mouth, after following the Missouri for 2 miles, 
turned to the left between Springfield and Bon Homme and made its 
way to James river by way of Tabor and Utica. 

Another point is that the Big Sioux joined the Vermilion as indicated. 


IN THE EARLY PLEISTOCENE 


Under this head we would include all pre-Wisconsin Pleistocene time, 
for as yet the differentiation of the Kansan, Iowan, and other epochs has 
not been made for this region. What we have mapped may be con- 
sidered as corresponding to the maximum extent of the ice during the 
Kansan stage. It will be seen that the streams are represented as flow- 
ing over the same channels as in the Pliocene, but that their size is in- 
creased. This we believe was true, owing to the drainage from the ice- 
sheet on the east, and also from an increased rainfall on the west, which 
we believe would be the logical results of the presence of the ice-sheet. 
Some may be surprised that the Kansan ice-sheet is not represented as 
occupying the James River valley, but such we believe was not the con- 
dition of affairs for the following reasons : 

First, in the numerous borings in the James River valley no distinct 
evidences have been found of a lower till underlying that deposited by 
the Wisconsin ice-sheet. 

Second, the new narrow course of the Missouri above Yankton evi- 
dently follows the margin of the ice-sheet which formed the Altamont or 
outer moraine, and the chances are strongly against an earlier sheet 
coinciding so closely in extent with that sheet, as must have been the 
case if the course of the river was determined by it. If it be suggested 
that the Kansan extended farther, we would reply that no traces have 
been found of a channel corresponding to it; and, on the other hand, 
if it be suggested with more reason that the Missouri fora time may 
have flowed in a channel which was obliterated or filled by the ice-sheet 
of the Wisconsin epoch, it is scarcely conceivable that such could have 
occurred without leaving some trace, at least where it crossed some of the 
unglaciated portions between the lobes of the ice-sheet of the Wisconsin 
epoch, and no such traces have been found. On the contrary, all seem 
to indicate that the Missouri was pushed out of the James River valley 
by the sheet of the Wisconsin epoch alone. 


* Bulletin 2, South Dakota Geological Survey, p. 128. 
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If our conclusion is right, we may believe that the ice of the Kansan 
epoch, coming from the northeast into the Minnesota valley, was pre- 
vented, by the abruptness of its western side, the height and unbroken 
character of the plateau west of it, from entering the James River valley, 
although it succeeded in overriding the eastern edge and entering the 
valley of the Big Sioux. Glacial strie in that valley are found in such 
relations as to indicate that it was occupied by a narrow lobe pushing 
down the Big Sioux, west of a small area, which is comparatively drift- 
less, north of Garretson. South Dakota. 

When the ice-sheet crowded against this plateau of the Coteau des 
Prairies the whole drainage from its western border farther north must 
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have found its way over the divide between the James and Red rivers, 
we may suppose, at some lower and narrower portion, such as we may 
readily suppose, from the present conditions, may have been a little 
north of our state, as is represented on the map. There may have been 
first formed a temporary lake east of the ridge, and from it there must 
have been a rapid descent to the level of the James River valley. As the 
materials of the ridge were mostly clay and sand, such a barrier as that 
could not long resist the eroding influence of a stream which was fed by 
the draining from the whole western slope of the ice-sheet farther north. 
We can scarcely doubt that in a comparatively short time, it would cut 
down a canyon through this ridge to the level of the James river, which 
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in another epoch would be widened very considerably. Meanwhile the 
drainage from the edge of the ice farther south naturally found its out- 
let through the Big Sioux, which at that time we believe to have flowed 
southward into the Vermilion, and the Split Rock joined it in the north- 
ern part of Lincoln county. 

The reasons for this supposition are found: (1) In the course of the 
ice-sheet in the next epoch, with the evident changes of drainage attend- 
ing it ; (2) in the fact that the level of the Big Sioux in its bend south of 
Sioux Falls is as high as the general surface 8 or 10 miles farther south ; 
(3) in that topographic maps show a distinct sag across the present divide 
west of Worthing, South Dakota, leading to an ancient lake bed in Turner 
county connected with the Vermilion river. 

During the early Pleistocene the streams were, no donbt, very active: 
Much of the James River valley was excavated at that time, though we 
may not suppose that it was as low as at present. The White river and 
Cheyenne show broad and high terraces about 200 feet above their present 
levels in the vicinity of the Missouri river. These may readily be 
believed to correspond to the level of these streams during the later 
Pliocene. 

Another, terrace well marked and covered heavily with western gravel 
is found on White river 325 feet above the present level, and a 
similar terrace is found on the Cheyenne, near its mouth, 370 feet 
above the stream. These are believed to mark the level of the streams 
before the advent of the Wisconsin ice-sheet. If the country has 
been raised toward the west since the Pliocene we are unable to say 
what the gradient of those streams was during that epoch. If the 
altitude has not changed, the gradient from the late Pliocene terrace on 
White river to the present level of the James at Rockport would be 
about 4.7 feet a mile, allowing the usual crooks in the stream along the 
course indicated on the map, and the gradient for the early Pleistocene 
over the same course would be about 3.5 feet per mile, and from the 
mouth of the Cheyenne 2.6 feet, and 2, to the same point for correspond- 
ing times. If this is thought too great for the large streams which we 
have shown flowing over those channels, we may find recourse in pre- 
suming that the region west of this was not so much elevated at that 
time. 

The streams radiating from the Black hills, like those about the 
Rocky mountains generally, have several prominent terraces, marking 
successive stages in the erosion of their valleys. 

Rapid creek may be taken asa type. It exhibits at least three well 
marked terraces. The highest one noted in the hills is a broad one 450 
feet above the present stream. This may correspond to the early Plio- 
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cene. Another is about 150 feet lower at the same point, which may 
correspond to the one 150 feet above the depot at Rapid City, and to one 
200 feet above the junction of the stream with the Cheyenne. Another 
about 30 feet above the creek at Rapid City may be the one 100 feet 
above the stream at the junction. The second may date from the late 
Pliocene and the other from the early Pleistocene; but much more 
study is necessary before we can be sure of it. 

The streams of the hills, as they deploy on the Cretaceous plain, very 
generally have shifted to the right, according to Ferrel’s law, leaving 
their terraces more extended on the left side. There are, probably. a 
few cases of change of course by abstraction. 

An important feature in James river at the present time is a broad 
sill of red quartzite at Rockport, in Hanson county. It is now 1,200 
feet above sealevel, but before the erosion of the glacier was doubtless 
much higher. This no doubt long served as a barrier to the erosion of 
this valley. The ice-sheet was unable to remove it, though it carried 
away many thousand cubic yards and distributed it in the form of 
boulders farther south. From the depth of the till south of this barrier 
we find some reason for believing that there existed rapids at that point, 
as indicated on the map. If our view thus far has been correct, this 
ridge of quartzite exercised an important influence on the baselevel of 
James river and its tributaries above that point. Though the Niobrara 
river and Vermilion had evidently cut down to nearly their present 
depth before the deposition of the till in the southeastern part of the 
state, we find no trace of such deep channels having been formed in 
James river above Rockport or in any of the larger tributaries from the 
west above that point. 

We may believe also that the Big Sioux descended by several rapids 
from its present altitude of 1,400 feet above the falls to the valley of the 
Vermilion, a little over 1,200 feet in altitude. 


DuRING THE LATER PLEISTOCENE 
FORMATION OF THE MISSOURI 


The early Wisconsin epoch witnessed a great change in the drainage 
of the state. The main cause was the advent of the ice-sheet from the 
northeast. If our reasoning hitherto has been correct, the overflow of 
water in the previous epoch opened the way for the entrance of the ice 
at this time. 

The glacier rapidly filled the James River valley 1,000 to 2,000 feet in 
depth and as far south as Gayville. It flowed up the valleys of the 
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Grand, Cheyenne, and White rivers, filling up their valleys in that order 
for 100 miles or more. Of course this produced as many glacial lakes 
at first; at least, so in the first and third cases. The Cheyenne had 
formed a deeper and wider valley, and had perhaps so encroached in its 
southern divide that it found a low col by which it seems to have 
drained promptly into White river; at least there is not so clear evidence 
of a barrier there, nor of lacustrine action. This may have been due 
partly to the divide being mostly Fort Pierre clay, with little hard ma- 
terial in it. 

In the valley of Grand river, however, a large temporary lake was 
formed, which has been called lake Arikaree.* This is attested by a 
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Ficure 3.—Hydrographic Conditions in South Dakota in early Wisconsin Epoch. 


shoreline lying on the north slope of Fox ridge,} by the distribution of 
northern boulders over its bed, and more clearly by traces of an old 
channel 400 feet higher than the present Missouri and east of it in 
northern Potter county.{ By this means it drained by way of the Little 
Cheyenne into the Cheyenne. We may suppose that there was another 
outlet, which, cutting more rapidly, became the present Missouri at that 
point. 

In the valley of White river another lake was formed north of the 
high divide of which the Bijou hills are a remnant. The ev vidence also 


* Bulletin 1, South Dakota Geological Survey, p. 140. 
tlbid., p. 119. 


{ Figured, Bulletin no. 144, U. 8. Geological Survey, pl. xi. 
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in this case is the distribution of boulders and trace of the upper limit 
of drift like a water line around the Bijou hills and south of the mouth 
of White river, west of the Missouri, about 590 feet above the Missouri or 
1,880 above the sea;* also evidences of a series of rapids marked by 
vast accumulations of boulders above the mouth of Platte creek and 
the canyon-like character of the trough of the Missouri at the Bijou hills, 
though these are less conclusive. 

It seems not improbable that because the Grand and Cheyenne rivers 
were dammed before the White, and because the ice did not reach its 
maximum extent until some time after it had dammed the White, that 
meanwhile there may have been a waterway over the lower land east of 
the Bijou hills, past lake Andes and Choteau creek to the Niobrara; but, 
if so, it was not occupied long enough to excavate much of a trough. 


DISPLACEMENT OF THE NIOBRARA 


The ice-sheet flowed over a sag in the divide between the James and 
the Niobrara into the valley of the latter stream so as to fill it from Bon 
Homme to the vicinity of Yankton, forcing that stream, reinforced by 
contingents farther north, to cut a new channel between Bon Homme 
and Yankton. This may partly explain the present rugged character of 
the region known as the “ Devil’s nest,” in Knox county, Nebraska. 


DIVERSION OF THE BIG SIOUX 


Again, on the east of the main valley the divide between the James 
and the Vermilion, perhaps attenuated by the latter receiving during 
the preceding epoch the copious drainage of the ice-flow, was also over- 
ridden, and the ice filled its valley to the vicinity of Vermilion. This 
so dammed the Big Sioux, which was a tributary of the Vermilion, that 
another small lake was formed over the present site of Sioux Falls. 
This found an outlet into the Split Rock and eventually around the edge 
of the ice into Rock river, near the present town of Hudson, South 
Dakota. 

The evidences of such changes, besides those already mentioned, as 
indicating the former course of the Big Sioux are the fluvio-lacustrine 
beds about Sioux Falls, including some aqueous till, old soils and silts, 
and the canyon-like character of the Big Sioux between Canton and 
Hudson, South Dakota.t 


* Bulletin no. 158, U. 8S. Geological Survey, p. 47. 
+Compare the author's paper, American Geologist, vol. xxv, p. 96. Further examination has, 
however, renewed a former conclusion as given above, Some of the evidence is given. Bulletin 


no, 158, U, 8. Geological Survey, pp. 102, 103, 
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The lowering of the divides so as to allow the ice to transgress them 
and the extent of the ice in these lateral valleys toward the south afford 
further evidence that they were lower south of the quartzite ridge, as we 
have before suggested and as is indicated on the map for the early Pleis- 
tocene. 


PERIPHERAL AND INTERLOBULAR STREAMS 


Such were the changes accomplished, when the ice was reaching and 
occupying the First or Altamont moraine. At the same time several 
minor streams were established, or at least much enlarged and deepened. 
These may be grouped in two classes, those which flowed parallel with 
the edge of the ice, usually just outside of the moraine, which we may 
call peripheral, and those originating between two adjacent lobes of ice, 
which we may call interlobular. 

Of the former class there are (passing around the ice from east to west) 
Battle creek, Brule creek, Box Elder creek, Chapelle creek, Little Chey- 
enne creek, and lower Swan Lake creek. 

Of the latter class, in similar order, upper Big Sioux, upper Skunk 
creek, Turkey creek, upper Crow creek, the upper Box Elder, the lower 
Medicine creek, and the upper part of Swan Lake creek. These are 
marked on the map. 

Similar streams of less importance, particularly of the first class, were 
developed in connection with the formation of the later moraines. Of 
these we may name, for the Second or Gary moraine, the upper Ver- 
milion, Turkey Ridge creek, Clay creek, and the Firesteel-Enemy- 
Twelvemile creek, which combined the upper courses of these several 
streams of the present time. It also had several successive courses shift- 
ing to the northeast as the ice receded; also Medicine creek, the Blue 
Blanket, and Spring creek. 

And for the third or Antelope moraine, Marsh creek, Sand creek, upper 
Snake creek, and portions of Willow and Elm creeks. 

An interesting incident of the recession of the ice-sheet of the Wiscon- 
sin epoch was the gradual formation of a shallow lake which has been 
named lake Dakota. It extended from the vicinity of Huron past Red- 
field and Aberdeen to Oakes, North Dakota. Its greatest extent was 
probably when the ice occupied the fourth moraine. It was filled quite 
eVenly with fine silt. Smaller lakes continued the series to Mitchell and 
the red quartzite sill before mentioned at Rockport. Its primary cause 
may be found in the greater erosion of the clays by the glacier north of 
that sill.* 


* Bulletin no. 144, U. 8. Geological Survey, p. 52, 
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Thus we have found the history very interesting, even in outline. 
When further research shall have gathered up the details it will doubt- 
less become much more so. The region around the Black hills and 
about the margin of the drift may prove to be the most instructive areas 
for research. We may hope thereby to correlate, more satisfactorily 
than has been done, the movements of the ice-sheet with the history of 
the Rocky Mountain axis. We may hope also for further light on the 
relations of the loess to both. 
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INTRODUCTION 


So little is known of the geology of northeastern Brazil that no apology 
is needed for the obvious imperfections of the present paper. Most of 
the notes were taken during a trip along the coast and several trips across 
the sedimentary beds in 1899, but I was previously somewhat familiar 
with the geology of the region through my work there while a member 
of the Geological Survey of the Empire (the Commissio Geologica do 
Brazil), and from subsequent trips to the interior of Pernambuco. 
Fortunately I have been able also to obtain valuable contributions from 
several correspondents whose names are mentioned in the paper to sup- 
plement my own observations. 


GEOLOGY OF THE STATE OF PARAHYBA DO NORTE 


RESULTS OF PREVIOUS AND PRESENT INVESTIGATIONS 


Aside from the very brief references cited beyond, the only paper ever 
published on the geology of the state of Parahyba do Norte is that of 
E. Williamson.* Mr Williamson says the rocks of that state are Tertiary, 
Cretaceous, and Laurentian, but he mentions no paleontological reasons 
for these divisions. So far asthe Tertiary and Cretaceous divisions are 
concerned, Mr Williamson’s classification seems to be correct, as will 
presently. appear. 

Although I have visited Parahyba several times, the trips have been 
hurried, and it has never been possible for me to make a careful search 
for fossils. Since my last visit, in 1899, however, Mr H. G. Sumner, 
superintendent of the Conde d’Eu railway, has secured and kintlly sent 
me a few fossils recently found in quarries at the base of the hills near 
the railway station at that city. These fossils are of great importance 
and interest, for they are the first and only ones thus far found which 
throw a decided light on the geologic age of the beds at and about 


* This paper was read in April, 1867, before the Geological Society of Manchester, England, and 
published in its Transactions, vol. vi, pp. 113-122, under the title “ Geology of Parahiba and Per- 


nambueo gold regions.” 
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ZANTHOPSIS CRETACEA RATHBUN SP. NOV. FROM PARAHYBA DO NORTE 
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DESCRIPTION OF ZANTHOPSIS CRETACEA 48 


Parahyba.* They consist of some teeth and fragments of bones of a 
fish, portions of the carapaces of two crabs, and one somewhat crushed 
cephalopod. The cephalopod, Dr J. P. Smith 7 tells me, is a species of 
Sphenodiscus, one of the so-called “ Ceratites,” and of positive Cretaceous 
age. 


MISS RATHBUN’S DESCRIPTION OF ZANTHOPSIS CRETACEA 


The crabs were submitted to Miss Mary J. Rathbun, of the Smithson- 
ian Institution, and she has kindly furnished the following description : 


Zanthopsis, McCoy 


Zanthopsis, McCoy, Ann. Mag. Nat. Hist. (2), iv, 162, 1849. Zanthopsis cretacea, 
Rathbun, sp. nov. 


Carapace about one and three-fourths times as wide as long. Surface densely 
granulate, posterior portion punctate; regions fairly well delimited. Six promi- 
nent nodules: two median, one occupying the greater part of the mesogastric 
region, one surmounting the cardiac region; the other four are branchial, the 
anterior pair in line with the gastric nodule, the posterior pair a little in front of 
the cardiac nodule and a little outside the anterior pair; these last are high and 
subconical; the posterior pair are lower and broader than long. Four less con- 
spicuous nodules also exist—one on each protogastric lobe, one on each hepatic 
area. A long, low protuberance lies behind each lobe of the front. The grooves 
on either side of the narrow mesogastric region are rather deep. j 

The width between the outer angles of the orbits is a little less than one-third 
the width of the carapace; the front occupies nearly half the space ; it is produced 
and divided by a median V-shaped notch into two lobes, with oblique margins, 
forming a triangular tooth at the inner end, and a right angle at the orbital end. ' 
The orbits are directed forward ; their margins show two fissures, separated by a 
narrow, non-projecting lobe; the outer angle is a little more advanced than the 
outer angle of the front. 

The long antero-lateral margin bears at its middle two somewhat dentiform, 
upturned lobes, defined on either side by deep grooves. Between these lobes and 
the orbit, the antero-lateral margin is nearly straight; behind the lobes, the mar- 4 
gin forms the anterior border of a long, stout spine occupying the lateral angle of 
the carapace. Postero-lateral margin concave. Posterior margin not distinguish - 
able. 

The only appendages preserved are, in the larger specimen, a portion of the right 
cheliped (carpus and palmar portion of propodus), and a fragment of the left dac- 


* Hartt mentions estherians found by Agassiz in certain green shales at Parahyba, from which 
he, Hartt, infers that the beds are of fresh-water origin and equivalent to those of Bahia. C. F. 
Hartt: “Geology and Physical Geography of Brazil,’ p. 445. 

These fossils, however, were never identified, and as estherians are not necessarily of fresh- 
water origin, and inasmuch as the cephalopod shows that the deposits are marine, the correlation 


must be regarded as unwarranted. Capanema says of a visit to Parahyba: “A badly preserved 
crinoid leads me to suppose that the rock belongs to the Cretaceous,” an equally hasty conclusion . 
Trabalhos da Commissao Scientifica de Exploracio, 1, Seegio Geologica, p. cxxii, Rio de Janeiro, 
1862. 

+ Professor of paleontology in Stanford University. 
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tylus; in the smaller specimen, the carpus and propodus of the left cheliped. 

Upper surface of these two segments reticulated. Dorsal face of carpus subtrian- 

gular, the distal margin being a little longer than the other two. The palm is 

nearly one and a half times as long as wide and a little longer than the fingers; a 

' blunt longitudinal carina runs along its outer third ; outer margin furnished with 

, a long slender spine near its proximal end and a thick rounded lobe opposite the 
base of the fingers. Outer margin of propodal finger rimmed. Judging from the 
socket of the movable finger, it lies above and overlaps the immovable one; the 
latter is provided with a median dentated ridge which may have served as a cut- 
ting edge against that of the overlying dacty!us. 

The length of larger specimen from median frontal sinus to rear of cardiac region 
is 34 millimeters; length from tips of frontal teeth to same point, 35.3 millimeters ; 
width of carapace (approximate), 67.2 millimeters; width between outer orbital 

4 angles, 22 millimeters; width of front, 10.5 millimeters. 

The type locality is the quarry at the base of the hill in the city of Parahyba do 
Norte, Brazil; two specimens. 

The genus Zanthopsis contains several species described from the Eocene of 
Europe. Z. cretacea differs from them all in the character of the nodulation. It 
resembles Z. kressenbergensis, Meyer, in having a long lateral spine, but this spine 

1 is much stouter in our species. The long spine on the propodus of the cheliped is 
unique. Specimens are in the National Museum of an undescribed species of 
Zanthopsis from the Eocene of Alabama. 


The specimens here described are deposited in the U.S. National 
Museum at Washington, D. C. 


DOCTOR WILLISTON’S DESCRIPTION OF CIMOLICHTHYS N. SP. 


The fish remains from Parahyba do Norte, Brazil, have been referred 
for determination to Dr 8. W. Williston, of the University of Kansas, 
who kindly furnishes the following description : 


“ The specimen of Cimolichthys preserved is a fragment of the skull, contained in 
a small block of rather hard limestone. The only characteristic portion is a part 
of the right dentary, 65 millimeters in length, containing five teeth of the inner 
row and eight or ten of the outer row. This portion, however, is so characteristic 
of this peculiar genus of Cretaceous fishes that there would seem to be little doubt 
of the affinities of the specimen, incomplete as it is. It can be referred almost un- 
hesitatingly to the genus Cimolichthys (Empo), an opinion concurred in by Mr 
Steward, who has studied our Cretaceous fishes and who has examined the present 
specimen. The material, however, is hardly sufficient to render the specific de- 
termination certain, should the beds whence the specimen comes yield other species 
of the same genus upon further examination. For this reason I refrain from giving 
the present species a name. 
 Cimolichthys has been known hitherto only from the Upper Cretaceous of 
Zurope and North America. The type of the genus, C. lewesiensis, is from the 
Upper Chalk of England, while isolated teeth have been referred to the genus 
coming from the upper Pliner beds of Bohemia. In North America four ‘or five 
species are known from the. Niobrara and Fort Pierre Cretaceous of Kansas. It 


J 
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DESCRIPTION OF CIMOLICHTHYS N. SP. 


would seem highly probable, therefore, that the horizon of the present species is 
in the upper part of the 
Upper Cretaceous. 

“The genus is. character- 
ized by the dentition, espe- 
cially of the palatines and 
dentaries. In the present 
specimen the two rows of 
teeth situated upon the den- 
tary have a great resem- 
blance to those of the Amer- 
ican species, especially C. 
naepiolica. The inner row 
of large teeth have the char- — Fieure 1.—Right Dentary of Cimolichthys n. sp. Natural size. 
acteristic compressed form 
with anterior and posterior cutting edges placed somewhat obliquely. They are 
unstriated. The base is much elevated and conical, and the five teeth preserved 
are nearly all of the same size, with only slight discrepancies in the intervals be- 
tween them. ‘The outer teeth appear to be ina single row. They are small and 
tuberculiform, about one millimeter in height, and with intervals between them 
of about the same. The surface of the dentary has been mostly destroyed. 


Millimeters. 


‘* Space occupied by five inner teeth.................... 55 
Height of middle tooth above bone .................. 12 
Width of tooth where joined,to base................. 4 
Space occupied by eight teeth of outer row........... 


AGE AND ANALYSIS OF PARAHYBA LIMESTONE 


The chief point of interest in this small collection of fossils is that it 
settles definitely the Cretaceous age of the leaden gray limestone at the 
base of the hills about the city of Parahyba. 

A specimen of the rock containing the fossils was analyzed in dupli- 
cate and found to be fairly good limestone. ' 


Analysis of the Cretaceous Limestone from Parahyba do Norte 


Per cent 


This rock was examined under the microscope in the expectation of 


finding microscopic organic remains, but no fossils were found. 
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The strata forming the higher parts of the hills appear to rest con- 
formably on these lower marly beds, but the upper beds have yielded 
no fossils, 


COASTAL SEDIMENTS 


Mr Sumner’s house, on top of the hills south of the governor’s palace, 
in the city of Parahyba, has an elevation of 46 meters above tide-level. 
A well was dug here 28 meters deep ; it penetrates only the pink, red, 
and mottled sands and clays characteristic of the coastal sediments. 
Many white quartz pebbles the size of a hen’s egg and more or less 
white kaolin were found in the earth taken from this well. The section 
seems to resemble closely that exposed in the bluffs at Cabo Branco. 


Figure 2.—Ponta de Pedras, Permbuyo, looking Southwest. 


No unconformity has been found between the highly colored upper beds 
and the gray calcareous Cretaceous beds at the base of the hills. The 
line of demarkation between the weathered and the unweathered beds, 
however, is so uneven that it looks as though the weathering had affected 
both the upper and lower strata in much the same manner, regardless 


of geologic age. 


FOSSILS FROM SANDSTONE EXPOSURES OF THE COAST 


Further light is thrown on the geology of Parahyba and Cabo Branco 
by the exposures on the coast south of the cape. Ponta de Pedras is a 
village on the coast of Pernambuco, in south latitude 7 degrees 37 min- 
utes, between the mouth of Rio Goyana and the northern end of the 
island of Itamaracé. On the beach in front of the village yellow fossil- 
iferous calcareous sandstones are exposed from about 2 meters above 
mean tide to and below low tide, and extending about 200 meters along 
the beach. 


——— 
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The expedition stopped at this place June 17, 1899, just long enough 
to examine the rocks and gather a few fossils. These fossils were exam- 
ined by Mr Ralph Arnold, who kindly made the following determina- 
tions and correlations : 


Fossils from Ponta de Pedras, Coast of Pernambuco * 
Also found at— 
. Cypreacteon penne White Rio Piabas. 


. Volutilithes radula (White, not Sowerby) + og 

. Volutilithes alticostatus, White \ , 
? V. radula, White 

. Acmexa sp. nov. 

. Natica neverita sp. undet Montserrate, Bahia. 

. (Neritina prolabiata, White.) 

. Turritella elicita (White, not Stolitzka) Maria Farinha. 

. Viearya? daphne White Maria Farinha. 

. Capulus sp. nov. 

sp. nov. 


Maria Farinha. 


Itamaraca. 
Montserrate, Bahia. 


Crepidule sp. nov. 


Iueina tenella Rathbun { Mavis Farinba 


Maria Farinha. 
Maria Farinha. 


Sergipe. 
Rio Piabas. 


Corbula ? chordata White 


{ Maria Farinha. 


. Corbula sp. nov. 
. Dosinia brasiliensis White ng: 


. Glycimeris ( Axinea) bineminis White Rio Piabas. 


. Cardium ( Crioe oaresanu § ‘ 
(Criocardium) soaresanum Rathbun Itamaraca. 


Of the twenty species here listed, five are new, five are reported from 
Rio Piabas, state of ParA, nine are found at Maria Farinha, two at Mont- 
serrate, Bahia, two in the state of Sergipe, and one at Olinda, Pernam- 
buco. ‘Two were also found at a new locality discovered by the writer 
at the northeast end of the island of Itamaracé. The specimen from 
Itamaraci was found in a bed of brown sandstone. The Itamaracé 
locality is only 11 kilometers south, and Maria Farinha is only 27 kilo- 
meters south of Ponta de Pedras. 

The resemblance of the fauna found in the Ponta de Pedras rocks to 
that of the Maria Farinha beds is at once apparent, while the proximity 
of the localities to each other bears out the theory that the same beds are 
repeated a at these two or three localities. I have elsewhere pointed out 


* Collected by J. C, Branner, June 17, 1899. 
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that the Maria Farinha beds are Tertiary and not Cretaceous, as was 

supposed by Hartt, Rathbun, and White.* Mr Arnold bears me out in 

this conclusion, and he is positive that the beds at Ponta de Pedras are 

| to be correlated with those of Maria Farinha, which Professor Gilbert D. 
" Harris regards as of Midway Eocene age beyond any question. 

About halfway between Ponta de Pedras and Parahyba similar rocks 

are exposed on both sides of the mouth of a river that enters the sea 

just north of Tambaba point. The rocks were examined on the beach 


Fieure 3.—Reef of Tertiary Sandstone, South of Jacuma. 


about 2 kilometers south of the village of Praia de Jacuma, which is in 
south latitude 7 degrees 17 minutes. Here a reef of the yellow fossilifers 
ous Tertiary calcareous sandstones like that of Ponta de Pedras extend- 
out about 300 meters from the beach and rises a meter or more above 
mean tidelevel. The surface of this rock is black, and its yellow color 
only appears on a freshly broken face. 

This Jacuma locality is just 22 kilometers on a line from the city of 
Parahyba, and is the nearest to Parahyba of any Tertiary locality that 
has been identified as such by its fossils. 

The exposures between Jacuma and Cabo Branco were not examined. 


*J.C. Branner: The oil-bearing shales of the coast of Brazil. Trans. Amer. Inst. Mining En- 
The Tertiary age of the Maria Farinha beds was suspected 
See Cretaceous and Tertiary, etcetera, 


gineers, 1900, pp. 17, 18 of the separate. 
at the time of the publication of Dr White's contributions. 
by J. C. Branner, Trans. Amer. Phil. Soc., 1889, vol. xvi, p. 405. 
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At Cabo Branco a low reef about half a kilometer in length, of hard 
rough black rocks, barely uncovered at half tide, stands squarely out 
from the beach. Where examined near the shore these rocks are coarse 
sandstones, cemented with iron and barren of fossils. The rocks ex- 
posed in the cliff at Cabo Branco are chiefly sandstones. The lowest 
ones are the same as the dark red sandstones exposed in the reef offshore ; 
next above this the rock is purple, red, and gray mottled clay. This 
clay ends a little more than 1 meter above high-tide level. Overlying 
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Fieure 4.—General View of Tertiary Sandstone Reef. 


the clay is a 5-meter bed of orange colored sands, false-bedded, with 
lumps and streaks of white kaolin splotching its exposed surface. ‘This 
bed merges above into red and gray mottled sands and buff sands and 
loam at the top of the exposed face of the bluff. No fossils were found ‘ 
in any of these beds. 

The top of the hill at Cabo Branco is about 20 meters above high tide, 
This point of land is the oceanward or eastern end of the plateau on 
which the city of Parahyba is built. The Cabo Branco hills continue 
as an unbroken bluff from 30 to 50 meters high in a northwesterly direc- 
tion to that city, while the peninsula ending at Cabedello at the mouth 
of the Rio Parahyba do Norte is a flat sandy plain lying north of this 
bluff. As the beds exposed at Cabo Branco contain no fossils, it is im- 
possible to say whether they are Tertiary or Cretaceous, but the strati- 
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graphic position of the’beds makes it seem possible that they belong to 
the Tertiary. 


Ficure 5.—Cabo Branco. 


GENERAL GEOLOGIC RELATIONSHIPS 


We have, then, in the state of Parahyba about the same geology that 
we have at Olinda, Maria Farinha, Iguarasst, and Itamaracé, namely, 
sedimentary beds of both Cretaceous and Tertiary ages dipping gently 
seaward. 
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It is to be expected, then, that the Conde d’Eu railway, running as it 
does along the valley of the Parahyba, is near the contact between the 
Tertiary and Cretaceous beds, and in the absence of paleontologic evi- 
dence there is no telling whether the sediments forming the hills south 
of the railway between Parahyba and Espirito Santo belong to the one 
or the other of these geologic divisions. The beds forming the hilltops 
nearer the coast are probably all Tertiary, but at the extreme western 
edge of the sediments one has usually nothing but the lithologic char- 
acters of the rock to guide him, and these, as a rule, are not to be de- 
pended on. 


RESULTS OF EXAMINATION OF EXPOSURES ALONG THE CONDE D'EU RAILWAY 


The following notes were made in two trips along the railway west of 
Parahyba and four trips between Cabedello and Parahyba: 


Stations of the Estrada de Ferro Conde d’ Ku 


Elevation 
| Station. above tide 
(aneroid). 


Kilometers. 


Meters. 


« 


The Conde d’Eu railway now runs from Cabedello, 20 kilometers north 
of the city of Parahyba, to Independencia, formerly called Guarabira, in 
the interior of the state, a total distance of 118 kilometers. From the 
accompanying sketch map it will be seen that it follows nearly due west 
up the Parahyba to Entroncamento 31 kilometers, where the main line 
turns northward and crosses the watershed into the drainage basin of 
the Rio Mamanguape and ascends the northern side of that stream’s 
basin. 
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Fioure 6.—Geological Section on the Conde d’Eu Railway. 


NORTHEAST COAST OF BRAZIL 


Between Cabedello and Parahyba the 
line crosses an almost perfectly flat 
sandy plain that rises only 2 or 3 meters 
above tidelevel. In a well put down at 
the railway shops at Cabedello, marine 
shells are reported to have been found 
at a depth of 7 meters below the surface 
of the ground. The writer did not see 
these shells. On both sides of the penin- 
sula there are small local exposures of 
slightly consolidated calcareous sands, 
in places made up largely of triturated 
calcareous seaweeds. These sands are 
apparently of late geologic origin. 

A short distance north of the city of 
Parahyba the railway passes across alter- 
nate mangrove swamps and arms of high 
firm ground which extend from the hills 
of Parahyba toward the estuary. The 
high ground of these arms usually rises 
only a few, decimeters above tide-level 
in the mangrove swamps. One of these 
ridges, however, has an elevation of sev- 
eral meters where crossed by the road, 
and there is a cut more than 2 meters 
deep for the railway bed. This cut is in 
the gray, marly looking limestone that 
resembles some of the Cretaceous lime- 
stone of the Sergipe basin. Unfortun- 
ately there was no opportunity to ex- 
amine these beds for fossils. 

Especial attention is directed toward 
this part of the railway line on account 
of the light thrown on the geographic 
history of the coast by the depth of the 
muck in the mangrove swamps.* This 


portion of the railway, the prolongation 
from Parahyba to Cabedello, was built in 


*L am indebted to Mr Samuel H. Agnew, now super- 
intendent of the Natal a Nova Cruz railway, for the 
copy of the profile and record of soundings on this 
part of the railway, ‘ 
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1887-88. Where the line crosses the ends of the mangrove swamps 
northeast of Parahyba, great difficulty was experienced in building the 
road on the soft mud on account of its yielding and slipping from be- 
neath the load of earth that had to be heaped on it to form the roadbed. 
As there are cuts in solid rock on both sides of one of the swamps, it was 
supposed that the swamps had rock bottoms, and soundings were there- 
fore made in the swamp to find the depth to the rock. These soundings 
were successfully made with steel rods, and the mud was so soft that 
two rods were lost by being dropped endwise in the mud ; they are said 
to have sunk almost as promptly as if they had fallen in water. 

The accompanying profile shows the form of the rock bottoms of these 
swamps. The greatest depth of the mud found on the line was 11.70 
meters. It seems evident that the swamps here fill gullies formerly cut 
in the gray Cretaceous limestone. Inasmuch as gullies can be cut at 
such a place only when the surface is above waterlevel, it is inferred 
that the land hereabouts formerly stood enough higher to allow water 
to flow down through these channels. The present conditions have been 
brought about by. a depression of the old land surface that has carried 
the ancient valleys beneath the sea, and the upper ends of these valleys 
have been filled with silts and then overgrown with vegetation. The 
depth of these channels shows that the amount of the land depression 
was 12 meters at least; but inasmuch as the soundings were made close 
to the Parahyba hills, it seems highly probable that farther west the 
Parahyba estuary now covers the main channels and that they are much 
deeper than 12 meters. 

The railway station at Parahyba is at the foot of the Cretaceous hills 
on one side, while to the west and north stretch the mangrove swamps 
of the Parahyba estuary. Three kilometers from the city of Parahyba 
the track of the railway skirts a steep-sided hill on the left, with a man- 
grove swamp on the right. The valleys along this portion of the road 
are flat-bottomed. At Usina Sao Joao the flat valley floor of the Rio 
Parahyba is about 4 kilometers wide. At kilometer 22 (from Parahyba) 
there is a great flat freshwater marsh whose sides end as sharply against 
the hills as if made by a body of water. The surface of this marsh is 
about 5 meters above tidelevel (aneroid). An attempt was made to 
build the railway across one of these marshes, but the roadbed sank 
under the load made by the fill and the line had to be changed. This 
fact is of interest in connection with the soundings made in the man- 
grove swamps between Parahyba and Cabedello already mentioned. It 
seems probable ‘that the valley-cutting done during the period of eleva- 
tion extended this far, and that we have here another silted-up narrow 
valley. 
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The railway cuts east of Santa Rita are in Cretaceous (or Tertiary) 
sediments, some of them false-bedded. At Santa Rita the railway sta- 
tion is 6 meters above the flat valley floor and 9 above tide-level. From 
Santa Rita to Reis the railway cuts expose only soil and sedimentary 
beds. 

3etween Reis and Espirito Santo the line of the railway crosses a 
series of short finger-like hills which project toward and into the marshes 
of the Parahyba valley from the high country south of it. Fresh-water 
marshes extend from near the station of Espirito Santo eastwardsfor 
about 1 kilometer. This station is on a flat plain 4 or 5 meters'above 
the level of the water in the fresh-water marshes. The railway here 
skirts the foot of the sedimentary plain which extends southward from 
the Parahyba river. 

The Cretaceous (or Tertiary) beds end on the railway line between 
Espirito Santo and Entroncamento, and the first crystalline rocks appear 
shortly before the latter station is reached. At Entroncamento, 31 kilo- 
meters from the city of Parahyba, freshwater marshes of the Parahiba are 
about 7 meters above tidelevel. The immediate valley of the Parahyba 
is less than 1 kilometer wide where crossed by the railway, and is flat, 
ending against rounded and gently sloping hills. 

Following up the main line north of Entroncamento there is a railway 
cut exposing schists with quartz veins about 200 meters south of Cobé 
station. One kilometer north of Cobé is another cut in quartz-veined 


schists. One and a half kilometers beyond and north of Cobé, and at’ 


an elevation of 58 meters above tide, waterworn pebbles, some of them 
as large as one’s fist, are exposed along the railway at a depth of from 1 
to 2 meters below the surface of the red soil and following the surface 
contour of the hills. In some places, however, these pebbles are wanting. 

The station of Sapé is on the flat plateau-like divide between the Para- 
hiba and Mamanguape rivers; its elevation is 94.5 meters above tide. 
Looking southward from Sapé one may see that the floor of the Para- 
hyba valley is remarkably flat and even, while the skyline beyond is 
much broken. For 20 kilometers the railway follows the flat plateau ; 
this same taboleiro extends eastward nearly to the sea, forming the 
tablelands between the Parahyba and the Rio Mamanguape. There 
are but few exposures along the railway where it crosses this flat plateau, 
so that the geology is not well shown. So far as it is visible, it seems to 
be a plain of crystalline rocks cut off rather evenly and having a thin 
coating of sedimentary beds spread over it. At the margins of the plain 
the cuts expose crystalline rocks overlain with waterworn boulders. 
About 2 kilometers west of Araga the railway descends from the plateau 
of particolored sediments into the Mamanguape valley. At an eleva- 
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tion of 73 meters and up to 82 meters above tide, there are waterworn 
boulders, some of them half a meter in diameter, overlying crystalline 
schists. Farther down the side of the valley the schists are all more or 
less decomposed and are overlain with a line of waterworn pebbles, and 
above these is the soil of a deep red color. 

Two or 3 kilometers east of Pau Ferro are good exposures of the 
schists with overlying waterworn boulders. The gravel is from 1 to 2 
meters thick and especially heavy about 100 meters east of the station 
of Pau Ferro. The gravel bed is generally covered by from 1 to 2 meters 
of soil. 

At Pau Ferro station (66 kilometers from Parahyba) a well has been 
dug east of the railway track in the lower part of the valley, and from 
this were taken many waterworn boulders. The pebbles in the vicinity 
are subangular rather than round, though clearly waterworn. North- 
west of Pau Ferro are several cuts along the railway in which schist is 
exposed with waterworn materials overlying it. One of these cuts is 
about 5 meters deep; the gravel beds overlying the schist are a meter or 
more in thickness, but they thin down and almost disappear in places. 
This sheet of waterworn gravel passes completely over the lower water- 
sheds. The soil over the schist is in places not more than half a meter 
thick. There are white bands of pegmatite in some of the exposures of 
crystalline rocks. 

Mulunga station (elevation, 62.5 meters) stands on a black clay or soil 
that forms the flat floor of a narrow valley draining into the Rio Maman- 
guape. This black muck-like soil looks like the bottom of an old lake 
orswamp. The soil is the so-called “ massapé.” In the dry season it 
opens in big cracks. 

In the Mamanguape valley there are several lakes apparently in pro- 
cess of filing up with organic matter. 

On the divide between the Mamanguape and Caxoeira station, at an 
elevation 94 meters, some of the schists are very micaceous, and the 
pebble bed is heavy, coarse,and widespread. South of Caxoeira station 
(93 kilometers from Parahyba) schists decayed in places so closely resem- 
ble the particolored sediments on the coast that at a distance of 10 
meters they could not be distinguished from each other. On closer in- 
spection the bedding planes (or schistosity) of the shist may be traced 
through the colored earth. The earth produced by the decomposition 
of the shist here is sometimes highly colored and sometimes gray. 

Independencia, formerly known as Guarabira, is the terminal station 
of the railway. It is 98 kilometers from the city of Parahyba, and has 
an elevation of 70 meters above tide, and is about 45 kilometers from 
the seacoast. The rocks exposed in place about the town are all schists, 
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but among the heaps of stones brought together for building purposes 
are occasional small blocks of a diabase-like rock, evidently boulders 
of decomposition. The schists are cut by many quartz veins and the 


slopes of the low hills are strewn with a thin covering of waterworn — 


boulders. Some of these boulders are nearly half a meter in diameter. 

In a cut made in the town for the prolongation of the railway the 
schists are well exposed; they are not much crumpled but they split 
readily. From the hills about Independencia the topography has the 
appearance of a peneplain into which the streams have cut their valleys 
and above which the higher peaks rise. 

There are a few places along the line of this railway where there are 
large exfoliated boulders or bare rounded rocks in place. 

Alagoa Grande was not visited, but Mr H. G. Sumner tells me that the 
hills in the vicinity of that place are all of granite or other crystalline 
rocks. The accompanying plates from photographs by Mr Sumner 
show the character of the topography of that region. 

The writer has not examined the geology farther west in the state of 
Parahyba, but a few notes of value are available from the observations 
of others. 

In 1854 a French physician, Jacques Brunet, was netball by the 
president of the province of Parahyba to explore its interior. He sent 
to Mr Burlamaque, of the Museo Nacional, at Rio de Janeiro, two fossil 
shells found in the Serra de Teixeira.* 

In a somewhat later paper Dr Burlamaque sayst that Brunet sent 
specimens of limestone from Rio do Peixe and Sao Joao in the extreme 
western part of Parahiba; he also sent salt-bearing clays from Area. 
These localities are not far from the Cretaceous beds of the interior of 
Ceara. 

Williamson’s trip to the interior, made in 1866, extended to Pianeéd, 
about 265 kilometers west of Independencia. The rocks over most of 
this distance are reported by him to be granites, gneisses, and schists, 
but on the western side of the Serra da Borborema, “at Teixeira, where 
granitoid rocks abound, large quantities of brecciated conglomerates, 
sands, and marls are found flanking the mountains and covering the 

valleys.” { It seems probable that these sedimentary beds are the ones 
from which Brunet obtained the fossil shells, and that they are the re- 


* Noticia acera dos animaes de ragas extinctas descobertos em varios pentes de Brazil. Pelo Dr 
F. L. C. Burlamaque. Bibliotheca Guanabarense. Trabalhos da Sociedade Vellosiana, 1855, pp. 


20. 
+ Noticia acerea de alguns mineraes e rochas de varias provincias do Brazil, recebidos no Museo 
Nacional durante o anno de 1855. Por Dr F. L. C. Burlamaque. Revista Brazileira, Rio de Janeiro 
(1858), vol. ii, pp. 73-104. 

t Williamson : Geology of Parahiba and Pernambuco gold regions, Trans, Manchester Geol, 


Soc., 1867, vol. vi, p. 115. 
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LAKE IN THE GRANITE REGION OF ALAGOA GRANDE, PARAHYBA DO NORTE 
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CONCLUSIONS REGARDING GEOLOGY OF PARAHYBA 


sidual eastern and southern edges of the great Cretaceous area of the 
interior of Cear4 and Piauhy, or perhaps they might more properly he 
called the fragmentary outliers between the Cretaceous area of the inte- 
rior and the*Cretaceous along the coast, and known to occur at Parahyba 
and in the states of Alagéas and Sergipe. 

A short paper published by a Brazilian engineer in 1886 contains a few 
points of interest in connection with the geology of the interior of the 


Serrade 


Figure 7.—Idealized Section from Cabo Branco to Frontier of Ceara. 


state of Parahyba.* This writer mentions the existence of caves in the 
interior of Parahyba, a fact that leads to the inference that there are lime- 
stones in the region referred to. He also mentions f the finding of the 
bones of large extinct animals—probably mastodons. He speaks of the 
existence of iron, coal, lead, marl, limestone, and flint in the interior, but 
he does not specify the localities. 


CONCLUSIONS REGARDING THE GEOLOGY OF PARAHYBA DO NORTE 


1. The leaden gray rocks exposed at the base of the hills at the city 
of Parahyba are fairly good limestones and are of Cretaceous age. 

2. The yellow Calecareous sandstones exposed on the coast south of 
Jacuma and at Ponta de Pedras are equivalent to the Maria Farinha 
beds of Pernambuco and are of Tertiary age. 

3. The particolored beds forming the tops of the hills at Parahyba and 
those in the bluffs at Cabo Branco are probably the weathered portions 
of the Tertiary, but no unconformity is known between them and the 
Cretaceous beds. ; 

4. In the absence of fossils it is not possible to distinguish between 
the Cretaceous and Tertiary, and hence the sedimentary beds exposed 
along the Conde d’Eu railway cannot at present be assigned to either 
group with certainty. 

5. The sedimentary beds form the highlands along the line of the rail- 
way from Parahyba to a point between the stations of Espirito Santo and 
Entroncamento—a distance by rail of nearly 30 kilometers. 

6. The sedimentary beds (Tertiary and Cretaceous together) have a 


’ width along this coast of only 30 or 40 kilometers. 


7. The sedimentary beds are not thick, and the underlying crystalline 


* Relatorio que o engenheiro de minas Francisco Soares da Silva Retumba dirigio ao Exm. 
Sr Dr Antonio Herculano de Souza Bandeira, Presidente da Parahyba. Pernambuco, 1886, 46 pp. 
t Loc. cit., pp. 16-17. 
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rocks are reported to be exposed at Batalha on the Rio Parahyba, within 
the area covered by the sedimentary beds. 

8. It seems probable that the sediments all dip gently eastward, so that 
the Cretaceous beds are occasionally exposed inland, while they are not 
visible on the coast. 

9. The watershed between the Parahyba valley and that of the Rio 
Mamanguape is of crystalline rocks, thinly covered with sedimentary 
beds. The waterworn material of the plateau is coarser on the lower 
slopes than on the top of the plain. 

10. The Cretaceous beds rest on schists and other crystalline rocks. 

11. The schists are nearly everywhere cut with quartz veins; these 
veins are generally less than half a meter in thickness. 

12. The schists are not much wrinkled, but they stand at high angles— 
from 50 to 75 degrees. 

13. The crystalline rocks are all more or less decomposed, so that many 
of the railway cuts through them have been made with picks. In some 
places they have been blasted. The cuts in the hard rocks, however, are 
nowhere more than 4 or 5 meters deep. 

14. In the vicinity of Independencia the crystalline rocks contain dikes 
of dark diabase-like eruptives. 

15. The crystalline rocks of the interior have been called Laurentian 
by Williamson, but while they lithologically resemble some of the so- 
called Laurentian beds of Canada, no trustworthy evidence has been 
found of their age or ages. 

16. The general topography shows that there has been a late depres- 
sion of this coast region ; that the water filled the valleys near the coast, 
and that these valleys afterward silted up and are now partly occupied 
by mangrove swamps. This history is borne out also by the soundings 
made in the mud of the mangrove swamps near Parahyba. 

17. The depression of the coast was more than 12 meters. 

18. The remains of extinct Pleistocene vertebrates are reported from 
the interior of the state. 

19. Fossils and limestones are reported from the interior of the state, 
but no facts are available to indicate whether these limestones and fos- 
siliferous beds belong to the Cretaceous or with the Paleozoic series. The 
lithologic character of some of the limestones and the geographic posi- 
tion of the rocks suggest that they are Cretaceous. 


GEOLOGY ALONG THE PERNAMBUCO Coast SoutH oF RECIFE 
LOCATION AND CHARACTER OF THE EXPOSURES 


In July, 1899, I made a trip on foot along the coast south of Pernam- 
buco, and some of the observations on the geology are appropriate here 
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Following the beach southward from Pernambuco, the Tertiary hills 
that are exposed north and west of the city only reach the coast again 
to the south near the village of Paiva. Here they are about one kilo- 
meter to the southwest of the beach. The beds are horizontal, and are 
composed of sands, clays, and gravels, and contain no fossils. 


TRACHYTES 


Two kilometers northwest of the point known as Pedras Pretas the 
hills come quite down to the beach, but here the hills are of trachyte, 
with a thin covering of Tertiary sedimentary beds capping them. Near 
the cape Pedras Pretas the trachytes are quite bare, but over them are a 
few waterworn quartz pebbles showing that the Tertiary beds have been 


_ stripped away. 


On weathering the trachyte turns red, yellow, and purple. It has 
been quarried at the point of land for making street paving blocks for 
the city of Pernambuco, but the quarries are now no longer worked. 
Specimens of these trachytes were collected and submitted to Mr H. W. 
Turner, who kindly furnishes the following descriptions: 


“These rocks are typical trachytes. Macroscopically they are fine grained pur- 
plish rocks with rather abundant phenocrysts of feldspar, some of which attain a 
length of 6 centimeters. 

**Microscopically the trachyte is composed of idiomorphic feldspars in a fine 
grained groundmass of feldspar laths, with indistinct boundaries, which show a 
tendency to arrange themselves in parallel lines, which curve about the ends of 
the feldspar phenocrysts, thus exhibiting a typical trachyte texture. Some of the 
phenocrysts, as well as the larger part of the microlites of the groundmass, extin- 
guish sensibly parallel to their direction of elongation, and have an index of re- 
fraction less than that of the balsam. They are thus orthoclase. A few of the 
phenocrysts are microperthite, showing minute lamelle, presumably of albite and 
orthoclase intergrown. These lamellze extinguish at different angles. A few feld- 
spar laths of the groundmass show albite twinning and extinguish at slight angles. 
These are probably oligoclase. There are some elongated grains of quartz without 
crystallographic boundaries present, and these appear to have formed after the 
feldspars, but, nevertheless, to be original. The microlites show no tendency to 
arrange themselves around these quartz grains, and in some cases the ends of the 
feldspars are enclosed in the quartz. A few flattened, nearly rectangular prisms 
with high relief and brilliant interference colors extinguishing parallel to the prism 
are probably zircon. There are also rather numerous opaque grains of iron oxide, 
probably magnetite. The section is obscured by a dust of particles, some of them 
nearly opaque, but where thin are translucent with red-brown color. These are 
perhaps limonite formed from the alteration of magnetite, for the magnetite grains 
show a thin rim of similar material. These reddish grains give the purple color 
to the rock. A little carbonate is also noted.” 


On the Pedras Pretas point are several blocks of the trachyte, beauti- 
fully pitted by sea urchins. These blocks are now so far above mean 
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tidelevel that they can not be occupied by sea-urchins. It is evident 
that there has been a recent elevation of this part of the coast, amount- 
ing to about 2 meters. There are many other large masses in place 


similarly pitted. 
I recall no other occurrence of trachyte in Brazil. D’Orbigny says 


that trachytes accompany the porphyries of the western side of the Cor- 
dilheiras, but he adds: “No one has noted them in Brazil or in the 


‘ Guyanas, and [ have only seen them in the Cordilheiras or on their 


western slopes.” * 
GRANITE AT GAIBU 


South of Pedras Pretas the next rocks of interest in this connection 
are exposed at the village of Gaibd, just north of Cabo Santo Agostinho. 
The rocks at this place are coarse grained gray granites. They are ex- 
posed at the foot of the hill, southwest of the village, where an old fort 
stands on them. 

Southwest of the village of Gaibd is a high hill of Tertiary sedimentary 
beds overlying the granite. Following the foot path across Cabo Santo 
Agostinho, from Gaibt to the village of Sudpe, the granite continues 
halfway up the hill, but the top of the ridge is of Tertiary sediments. 
About the light-house on the cape, and especially on the north side of 
it, are many enormous exfoliated boulders of granite. 


GRANITES AND DIORITE OF CABO SANTO AGOSTINHO 


The granite runs all the way round Cabo Santo Agostinho from Gaibt 
to Sudpe in one form or another, and only on the top of the ridge are 


Ficure 8.—Geology on South Side of Cabo Santo Agostinho. 


there patches of Tertiary sediments.f On the south side of the cape 
are several quarries in the granite- porphy ries, all of them now idle. 


* Voyage dans l’'Amérique Méridionale, t. IIL. 3¢ Partie, Géologie, pp. 215-216. Paris, 1842. 
+The rocks here spoken of as Tertiary have thus far afforded no evidence whatever of their 
age. Their stratigraphic position and their lithologic characters would both admit of their being 


Cretaceous quite as readily. 
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On the south side of the cape the granites are of two kinds—coarse 
granites and granite-porphyries. Through the porphyries is an altered 
dike of diorite, running about parallel with the hill, between the old 
fort at the bar and halfway to the village of Sudpe. The rock on both 
sides of the diorite is granite-porphyry, and small dikes of the porphyry 
penetrate the larger dike of dark green diorite. The old fort on the 
point of the cape near the Barra do Sudpe stands on the porphyry, but 
farther north the rock is a granite. ‘These three rocks from Cabo Santo 
Agostinho have also been described by Mr Turner as follows : 


“The granite from cape Santo Agostinho is a coarse rock composed of ortho- 
clase, microperthite, and quartz, with frequent wedges of a strongly pleochroic 
green-blue amphibole between the other constituents. 

‘This amphibole is in the form of longitudinally striated prisms, which are 
black as seen with a hand lens. The pleochroism is strongest (dense blue) where 
the cleavage lines are parallel to the horizontal cross-hair. The extinction was 
not determined on account of the dense color. 

“A fragment of this amphibole was treated with hydrofluosilicic acid, there re- 
sulting little hexagonal sodium fluosilicates, a few octahedral anistropic crystals 
of undetermined nature, and some thorn-like anistropic forms radiating from a 
center much resembling calcium fluosilicates. The presence of sodium, together 
with the character of the pleochroism, suggests that this amphibole is allied to 
riebeckite. Calcium is present in some analyses of riebeckite.* 

“The granite forming a dike in the diorite is, macroscopically, a light colored 
coarse rock, composed of light-buff feldspar, quartz, and dark-greenish material. 

** Microscopically, it is composed of orthoclase, microperthite, and quartz, with 
a little reddish-brown strongly pleochroic biotite and a strongly pleochroic green- 
blue amphibole, with marked cleavage resembling riebeckite and similar to the 
amphibole described under the preceding specimen. 

‘“* The granite porphyries from cape Santo Agostinho are macroscopically light- 
gray fine grained granolites, showing porphyritic quartzes up to 14 millimeters 
in diameter and porphyritic pinkish feldspars up to 2 millimeters in diameter. 

‘* Microscopically, the rock contains numerous phenocrysts of turbid feldspars, 
often in simple twins, and squarish and hexagonal, sharply idiomorphic, quartz 
phenocrysts in a microgranular groundmass of quartz and feldspar. The feldspar, 
both in the phenocrysts and in the groundmass, is largely microperthite, but 
orthoclase is also present. There are occasional small opaque grains of metallic 
iron oxide, probably magnetite, and grains and minute prisms with high relief, 
showing strong cleavage and bright interference colors extinguishing parallel to 
the prism. . 

‘In one specimen of the granite porphyry there are very abundant minute 
rectangular pleochroic crystals showing a single cleavage parallel to the sides of 
the rectangle. The pleochroism is reddish brown when the vertical cross-hair is 
parallel to the cleavage, and nearly black at right angles to this direction. 

‘The diorite from cape Santo Agostinho is macroscopically dark and fine 
grained, microscopically a cataclastic igneous rock, showing crushed feldspars and 


*Dana: System of Mineralogy. 
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secondary amphibole in a fine feldspathic groundmass. The rock has undergone 
strong shearing. The feldspars are in part twinned on the albite law and one or 
two on the Carlsbad law, and they show an index of refraction greater than that 
of the balsam. One quartz, apparently original, was noted. The feldspars are 

P undoubtedly plagioclase, probably andesine. One grain of quartz that appeared 
to be original was noted. There is magnetite present, and abundant minute sec- 
ondary grains of undetermined nature.” 


One of the rocks collected on the south side of Cabo Santo Agostinho, 
where the relations of the granite, granite porphyry, and diorite to each 
other is not altogether clear, is described by Mr Turner as a meta-rhyolite, 
“evidently original glass, now devitrified,” an occurrence of interest in 
connection with the rhyolites at Santo Aleixo. 


ROCKS OF SANTO ALEIXO 


The next rocks of especial interest are those of the little island of Santo 

Aleixo, 30 kilometers south of Cabo Santo Agostinho. Bs 
On the beach opposite and west of the island, and just south of Seramby 

point, the sands are black instead of the usual straw color. As this is 

the only place at which such sands were seen on more than 300 kilometers 

of beach examined, it seems that these must have been derived from the 

eruptive rocks of the island of Santo Aleixo opposite. Specimens of this 

sand were collected, and Mr Turner, who kindly examined them for me, 

says of them: 


‘The most abundant mineral is the black iron oxide, which is not magnetic 
except with the electromagnet, which was used to separate it from the remainder 
of the powder. This iron oxide gives a reaction for titanium, and hence is rather 
certainly ilmenite. Corundum, garnet, and feldspar are also present, and several 
other minerals, as yet undetermined.”’ 


The rocks which form nearly all the little island of Santo Aleixo are 
rhyolites. Several years ago I submitted to Dr George H. Williams 
specimens that I had collected on Santo Aleixo. He found them to be 
rhyolites, and wrote as follows regarding them: 


‘*They are quartz orthoclase aggregates with almost no bisilicate constituents, 
but their structures are varied. One of the specimens has a granular holocrys- 
é talline groundmass of quartz and feldspar, sume chlorite, possibly representing 
original hornblende or mica, and considerable blue tourmaline. The other Santo : 
Aleixo specimen is a fine granophyre. Porphyritic quartz and feldspar lie in a 
holocrystalline groundmass which is filled with beautiful spherulites, showing the 
black cross between crossed nicols. . . . There is no nephelene in any of these 


rocks.” 


Professor Derby has lately suggested in a private letter, dated July 
29, 1901, the theory that the Santo Aleixo rocks “ might prove to have 


| 
4 
4 
4 


wl 


BULL. GEOL. SOC. AM. 


GEOLOGICAL SKETCH MAP 


REGION ABOUT PERNAMBUCO 


BRAZIL 


§ Tertiary Sediments 
| Crystalline Rocks 


GEOLOGICAL MAI 


a 
or THe 
4 Seate 
) 
ay 
itt 
: 
¢ 
44 
: 
| 
eit 


nts 


4 


aSto. Aleixo 


do Porto 
onde 


— 


OLOGICAL MAP OF THE REGION ABOUT PERNAMBUCO 


VOL. 18, 1901, PL. 11 
| 
$ ad 
= "Ware > 
of 
> Escada Y Pretas ie 
a AAS % Se Cake Santo 
Prexeiras 
fer 
ss 
f 
Abreu 


ROCKS OF RIO FORMOSO AND PEDRO DO PORTO 63 


some connection as an acid phase with the Fernando de Noronha 
eruptive epoch, and that the same magma might give a granite in the 
neighborhood.” 


RIO FORMOSO ROCKS 


The Tertiary sediments are exposed in all the prominent hills-and 
occasionally on the streams or estuaries at low tide south of Santo Aleixo 
as far as the mouth of Rio Formoso. At Rio Formoso the granites are 
exposed on the south side of the river about 3 kilometers from the sea, 
and from that point up stream as far as the town of Rio Formoso. ‘There 
is therefore only a narrow belt of the Tertiary at this place. 

The hills near the coast are all Tertiary and isolated, but between 
them are occasional exposures of soft sediments that appear to be of 
later Tertiary age. Along the shore, between the mouth of Rio Formoso 
and Praia da Gamella is an interesting exposure of these later Tertiary 
rocks. The beds are horizontal, and are being rapidly attacked by the 
waves, marked changes having taken place between January, 1876, when 
the locality was first examined,and July, 1899. The lowest bed exposed 
is soft white sandstone, 2 meters thick. On top of this is a bed of soft 
black sandstone, the two being separated by about 2 centimeters of yellow 
clay. On top of these two beds is beautiful white quartz sand from 3 to 
6 meters thick. The bed in place is 3 meters thick, and in some places 
it has been blown over and another 3 meters heaped on top. This sand 
appears to be available for the manufacture of glass, and there is an 
abundance of it. 

These Tertiary beds are exposed from Gamella nearly to the hill on 
which stands the church of Nossa Senhora de Santa Anna and against 
which the beds end. The hill of Nossa Senhora de Santa Anna is of 
Tertiary rocks also, but these beds belong to the older series. 


GRANITE OF PEDRA DO PORTO 


Northwest of the village of Tamandaré the horizontal colored Tertiary 
is exposed in the hills at two places. About 6 kilometers south of 
Tamandaré the hills come down to the coast and the granites are beauti- 
fully exposed on the beach at a point known as Pedra do Porto. The 
following is Mr H. W. Turner’s description of the granite found at the 
Pedra do Porto: 

‘*The biotite-granite from Pedra do Porto is macroscopically a light gray coarse 
rock, with large pink feldspar phenocrysts in a coarse groundmass of quartz, feld- 
spar, and biotite. 

**Microscopically composed of orthoclase, microperthite, microcline, micro- 
pegmatite, oligoclase, quartz, and biotite. As accessories there are present iron- 
oxide, apatite, titanite, and a xenotime-like mineral.” 
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This granite is beautifully veined with quartz, some of the veins being 
a meter thick. Gigantic blocks are exfoliating on an impressive scale. 
From 200 to 300 meters offshore is a small barren rocky island of this 
same granite. The hills of the granite on the landward side of the beach 
are 30 or 40 meters high. A little more than a kilometer south of Pedra 
do Porto is another exposure on the beach of the same kind of granite. 
This place is called the Pedra do Conde, and near the beach the granite 
blocks are beautifully exfoliated. About half a kilometer south of the 
Pedra do Conde are two round bare islets of granite about 150 meters 
offshore. 

South of this point there are no granites or other crystalline rocks ex- 
posed in place on or near the beach as far as Maceio. The rocks seen 
in place are all Tertiary or recent. The particolored cliffs visible at so 
many places along the coast are all Tertiary sediments. Ata few places, 
however, there are large granite boulders exposed on the beach and 
underlying the Tertiary beds, On account of the large size of these 
boulders, some of them a meter or more in diameter, it is assumed that 
the granite in place is very near the surface wherever they are found. 
The following are the places at which the granite boulders occur on the 
beach: Camaxo, south of Maragogy on the coast of Alagdas; Barreira 
do Boqueirao just north of Rio Porto Calvo; Morro de Camaragibe 
about 3 kilometers south of Rio Camaragibe, and Riacho Doce just north 
of the village of this name. 

The following is Mr Turner’s description of the granite found at the 
mouth of Riacho Doce: 

“ Microscopically it is a medium grained granite composed of orthoclase, micro- 
cline, oligoclase, and quartz. The quartz occurs in aggregates of interlocking 
grains of smaller size than the feldspars. There is a small amount ofa yellow- 
brown nearly opaque substance filling cracks and forming rhombic crystals, pre- 
sumably secondary. There is a little muscovite and black opaque grains, appar- 
ently iron-oxide.” 


The observations made along the coast on the stone and coral reefs 
and on the geographic development of the region are reserved for a 
separate paper. 


RESUME OF THE GEOLOGY OF THE COAST SOUTH OF P@RNAMBUCO 


1. The Tertiary rocks form only a narrow coastal belt between Per- 
nambuco and Maceio; they are nowhere more than about 14 kilometers 


wide. 

2. The underlying crystalline rocks are exposed on the coast at only 
four places between Pernambuco and Maceio: at Pedras Pretas, Cabo 
Santo Agostinho, Santo Aleixo, and Pedra do Porto. 


a 


EXFOLIATED GRANITE BLOCKS 


Ficure 9.—Exfoliated Blocks of Biotite-granite on Pedra do Conde Beach. 
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3. The rocks at Pedras Pretas are trachytes. 

4. Rhyolites form the island of Santo Aleixo, and occur also on the 
south side of Cabo Santo Agostinho. 

5. The rocks of Cabo Santo Agostinho are chiefly granites, granite- 
porphyries, and diorite. 

6. The rocks of Pedra do Porto and Pedra do Conde are granites. 

7. The eruptive rocks exposed along the coast are all older than the 
coast Tertiary deposits. 

8. Thus far the Tertiary rocks along the coast have yielded no fossils, 
and they are assigned to the Tertiary on the theory that they are the 
same as the fossiliferous beds at Olinda and Maria Farinha, north of the 
city of Pernambuco. 

9. The Tertiary sediments have a maximum thickness along this part 
of the coast of about 75 meters only. 

10. There has been a late elevation of the coast amounting to about 2 
meters. 


GEOLOGY ALONG THE Recire ao SAo Francisco RAILWAY AND ITS 
PROLONGATION, SuL DE PERNAMBUCO * 
RAILWAY STATIONS AND TOPOGRAPHY ADJACENT THERETO 


The following is a list of the stations on the Estrada de Ferro Recife 
ao Sao Francisco, with distances and elevations above sealevel, and also 
of its prolongation, Sul de Pernambuco: 


Kilometers. | Station. Elevation. 

Meters 

0.00 | Cinco Pontas (city of Pernambuco)................... 2.43 
124.73 | 120.00 


* The notes on the geology along this railway were made in five trips over the line east of Una, 
three trips over the line east of Glycerio, and wo trips over the line as far as Garanhuns, [am 
especially indebted to Mr Frank Clemetson, acting superintendent, for his kind cooperation in 
studying the geology along the line of this railway. 
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Estrada de Ferro Sul de Pernambuco 


Kilometers. Station. | Elevation. 

| Meters. 


The terminal station of the Recife ao Sao Francisco railway in the city 
of Pernambuco is called Cinco Pontas. It will be seen from the eleva- 
tion given in the table above that this station is on the flat plain on 
which most of the city of Pernambuco is built. Between this place 
and Afogados the railway runs near the mangrove swamps that cover 
much of this plain. Afogados, the next station, is on the edge of a man- 
grove swamp which extends for some kilometers still farther south and 
west. 

About 300 meters northeast of Boa Viagem station the railway passes 
from the mangrove flats on to the white sandy plain like that about 
Areias station on the Central railway. This sandy plain extends east- 
ward to the sea. Near the sea it is planted with cocoanut palms. The 
accompanying illustration gives a good idea of the general appearance 
of this flat sand-covered plain. 

Southwest of the Boa Viagem station the railway continues over the 
sand plain, but it gradually approaches the Tertiary hills that rise to 
the northwest of the railway line until they are within a stone’s throw 
of the track. 

Prazeres (kilometer 12) is still on the sandy plain, but the hills to the 
west are only about a kilometer from the line at this place. At Ponte- 
zinha there is a small isolated hill about 200 meters west of the station 
and another a kilometer to the northwest. Half a kilometer beyond 
Pontezinha the railway crosses the mangrove swamps and Rio Jaboatao ; 
the swamps extend 2 kilometers beyond the river nearly to Ilha station. 
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West and northwest of Ilha the Tertiary hills are about half a kilo- 
meter from the railway station. Half a kilometer beyond Ilha the hills 
are about 100 meters northwest of the railway. Where quarries have 
been opened in these hills the exposures are quite red. Just west of Ilha 
two streams, the Rios Gurjaht and Pirapdima, join each other, and the 
hills on the northwest side of the road follow up the left side of the 
Gurjaht and appear again on the point of land between these two 
streams. At Cabo (kilometer 31.5; elevation, 13.3 meters) the hills south 
of the railway are within a stone’s throw of the station. At this place 
the railway leaves the low flat coastal plain and enters the hills. In the 
outskirts of the city of Cabo there are several cuts, all of them exposing 
red, yellow, and mottled earth resembling the highly colored Tertiary 
beds. The rocks, however, are not Tertiary, but crystalline rocks decom- 
posed in place. The hills about Cabo and west of there as far as Boa 
Sorte are from 50 to 75 meters above the drainage. The region is thus 
a hilly but not a mountainous one. 


ROCK DECOMPOSITION 


The granites and gneisses along the railway are usually deeply de- 
composed, having red, yellow, white, brown, purple, or mottled residu- 
ary clays exposed in the railway cuts, and exfoliated boulders of decom- 
position or rounded bare bosses over the surface of the ground. The 
depth of the decomposition of the rocks is fairly well shown in a number 
of the deep cuts along the line of the railway, but it is a notable fact 
that in many even of the deepest of these cuts the total depth of the 
decomposition is not shown. A rather remarkable thing about the deep 
cuts in the residuary earth is that many of the faces exposed in such cuts 
are nearly vertical,and yet they have stood for many years without falling. 
The following are some of the deeper cuts where decomposition is well 
exposed : 

One kilometer south of Limoeiro station a cut 14 meters deep has the 
rock decomposed to the level of the railway track. On the divide east 
of Palmares cuts 12 meters deep expose red and yellow residuary earth 
crossed by quartz veins. 

At Palmares station (kilometer 124; elevation, 120 meters) there is a 
cut 6 or 7 meters deep in decomposed crystalline rock. ‘The residuary 
clay is red and purple and is crossed by the broken quartz veins. The 
earth of the upper part of the cut is apparently handled material de- 
rived from the same decomposed rock, for the quartz that appears as 
vertical veins in the lower part of the exposure is scattered in subangular 
fragments along horizontal bands through the upper part of the earth 


exposed in the cut. 
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At Pirangy (kilometer 129; elevation, 120 meters) the residual earths 
are of a deep red color with yellow and purple streaks. ‘Two and a half 
kilometers west of Pirangy is a cut 12 meters deep in decomposed crys- 
talline rocks. 

At and immediately west of Boa Sorte (kilometer 133.5; elevation, 
125 meters) the cuts expose decomposed schists with the residuary earths 
of strikingly brilliant colors—red, white, yellow, and purple. 

In the rear of the station at Jaqueira is a cut in yellow and reddish 
yellowearth. One kilometer east of Colonia are deep cuts in decomposed 
crystalline rocks. The earths are highly colored. 

At Florestal (kilometer 167.8; elevation, 246 meters) there is a cut 
12 meters deep in decomposed schist-like rock. The rocks at the bottom 
of this cut are not decomposed. 

Just west of Barra da Jangada station (kilometer 174.7; elevation, 
296 meters) is an 8-meter cut in decayed crystalline (schistose) rocks. 
A hundred meters east of Pery-Pery station decayed crystalline rocks 
are cut. One hundred and fifty meters farther west there is another cut 
10 meters deep. 

West of Sao Benedicto there are several deep cuts nearly all of them 
in decomposed rocks. West of Quipapa several cuts in decomposed 
rocks expose kaolin, but the residuary earth is mostly of a red color. 
On the watershed west of Agua Branca the railway cuts are from 12 to 15 
meters deep in decomposed rock cut by quartz veins ; the residuary earth 
is highly colored, and shows marked bedding or the foliated structure of 


schists. At Glycerio* (kilometer 214; elevation, 529 meters) there is - 


a cut from 9 to 12 meters deep in decomposed crystalline schists. This 
rock was faulted before it decomposed. The residuary earth is mostly 
of a purplish color. 


STRUCTURAL FEATURES 


Returning to Cabo, we may now consider the nature and structural 
features of the rocks exposed along the line of this railway. From Cabo 
west and south the road passes over crystailine rocks nearly all the way 
to Garanhuns, a total distance of 240 kilometers. These rocks seem to 
be granites, gneisses, and schists, but under the circumstances of pro- 
found decomposition in most cases and lack of opportunity for careful 
examination in others, nothing more than impressions can be set down 
for many of the exposures. Wherever it was possible to observe it, the 
approximate direction of the strike of the beds was noted. 

Between Timbo Asst (kilometer 51.8) and Escada (kilometer 57.6) 


*Atthis place the connection is made with the Alagoas railway to Maceio. For notes on the 
geology of that line see Proc. Wash, Acad. Sci., vol. ii, pp. 195-201. 


3 


70 J. c. BRANNER—GEOLOGY OF NORTHEAST COAST OF BRAZIL 


many exposures show the rocks to be banded gneisses or schists. This 
ribbed nature of the rocks is well brought out on weathered exposures. 
In the Rio Ipojuca, at and near Escada, and at Limoeiro, the exposures 
show this bedding or schistosity to have an east-west strike. The same 
east-west strike is shown over the exfoliated bosses half a kilometer east, 
and again west of Aripibd station (kilometer 78). A short way east of 
Gamelleira station (kilometer 95.7) the rocks exposed look like granites, 
and east of Agua Preta (kilometer 113.6) station the rocks are massive 
like granites. About Palmares (kilometer 124.7) the rocks have a banded 
structure rather more marked than that of gneiss. At the bridge west 
of the station the structure is well exposed in the bed and on the sides 
of Rio Una. ‘The strike here is northeast-southwest. At Pirangy (kilo- 
meter 129.7) the rocks are decomposed ; the northeast-southwest strike 
of the beds (or schistosity) is plain. 

Between Boa Sorte and Catende the strike is northeast-southwest. 
One kilometer west of Catende the strike is again northeast-southwest. 
Between Catende and Jaqueira the same strike is exposed in the bed 
and along the sides of Rio Pirangy. 

At Marayal station (kilometer 163.8), 10 meters above the stream, 
the schistose rocks, with pegmatite dikes, strike north 20 degrees east 
and dip south 70 degrees east; farther west, however, the strike changes 
back to northeast-southwest, while at Florestal (kilometer 167.8) the 
dip is northeast about 30 degrees. Four kilometers above or west of 
Florestal the rocks in the river bed strike northwest-southeast. Three 
kilometers east of Barra da Jangada schistose rocks dip northeast 40 
degrees ; 2 kilometers east of Barra they dip south 30 degrees east. At 
and just west of Sao Benedicto (kilometer 183.7) the rocks are schistose, 
with a north-south strike and an east dip of from 80 to 90 degrees. About 
a kilometer west of Sao Benedicto there is either a dike or vein of bluish- 
black rock exposed in the railway cut. One kilometer east of Quipapa 
schistose rocks have an east-west strike. 

About 150 meters east of Quipapa (kilometer 197.3; elevation, 427 
meters) dark mica-schists (?) are well exposed by the track and strike 
nearly east-west. On the watershed west of Quipapé the rocks have a 
local strike of nearly north-south and dip east. Two kilometers east of 
Agua Branca schistose rocks dip east 40 to 45 degrees. The rocks between 
Quipap4 and Agua Branca are faulted and somewhat wrinkled. Be- 
tween Glycerio and Canhotinho the mica-schists dip to the southeast. 

At Canhotinho (kilometer 227.9; elevation, 497 meters) the gneiss is 
cut by numerous quartz veins. Three hundred meters west of the sta- 
tion the rocks are crystalline schists striking north-south (?) and cut by 
numerous quartz veins. 
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Between Canhotinho and Angelim bosses of crystalline rocks are ex- 
posed here and there over the campos, and the surfaces show numerous 
veins of quartz and dikes of pegmatite. 

About 5 kilometers west of Canhotinho schists dip south at an angle 
of 50 degrees. A little farther west there are exposed soft bedded rocks 
resembling sandstones. Still farther west are schists dipping south 25 
degrees west 60 degrees. 

Three hundred meters west of Angelim (kilometer 242.7 ; elevation, 
647 meters) are granites and crystalline schists. 

Between Angelim and Sao Jodo there is a line of hills south of the 
railway, about 100 meters above the railway level, in which the rocks 
appear to be bedded and to dip north at an angle of about 30 degrees. 
In the railway cuts the exposures show the schistose rocks for a distance 
of 2 or 3 kilometers to dip southwest at an angle of about 45 degrees. 
These rocks are cut by many veins. 

At Sao Joao (kilometer 253.5; elevation, 699.9 meters) crystalline 
schists are exposed in the cut just west of the station. They dip 
northeast. 

The rocks at and about Garanhuns are all either gneisses or granites. 
Most of the surrounding plateau, however, is covered by the products of 
the decomposition of these rocks. 


TOPOGRAPHY OF THE REGION 


Some of the topographic features of the region traversed by this rail- 
way are worthy of attention. The plateau on which Garanhuns (eleva- 
tion, 866 meters) stands has an elevation of a little more than 1,000 
meters at its western rim at Pogo, about 35 kilometers west of the town.* 
At the west of Cimbres the 
plateau is said to rise more 
than 1,000 meters above 
sealevel. The streams that 
head in this high region 
have cut their valleys in 
this plateau to a depth of 400 and 500 meters. There are no longer 
mountain chains over the plateau, but neither is the sky-line, as seen 
from the hills about Garanhuns, a flat or even one. The upper portions 
of the valleys are rather narrow and steep-sided. 

South of the railway between Garanhuns and Sao Joao the following 
is the profile of the highest hills. These hills are only from 100 to 150 
meters high south 0 of the railw ay half a kilometer from Sao Joao. 


Ficure 10.—Profile of the Hills South of Glycerio. 


* Doctor L. 


. 
3 
has 
we 
5 
s 
+ 
* 
4 


72° J.C. BRANNER—GEOLOGY OF NORTHEAST COAST OF BRAZIT. 


At Canhotinho the railway is in the narrow valley of Canhoto, where 
the steep hills are about 100 meters high. The hills are much more 
open than they are from the Rio Canhoto. 


WATERWORN GRAVELS 


The following notes were made on the occurrence of waterworn mate- 
rials along the line of this road. In most cases, perhaps in all of them, 
these waterworn materials clearly belong with the streams near at hand. 
At Rebeirio a streak of waterworn quartz gravels is exposed 2 meters 
below the surface of the soil; at Cuyambuca (kilometer 104) a layer 
of subangular quartz pebbles is shown 2 meters beneath the surface of 
the yellow soil; 1 kilometer west of Catende waterworn pebbles are ex- 


~ 
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Friaure 11.—Outline of the Hills South of Railway between Garanhuns arid Sao Joao. 


posed 2 meters below the surface; a short way farther west similar 
gravels are covered by from 35 to 7 meters of soil; about 5 kilometers 
west of Catende a bed of gravel 1 meter thick is exposed on the north 
side of the track. 

At another place the pebbles are from | to 2 meters below the surface, 
but only from 7 to 15 meters above the present stream. Four kilometers 
east of Quipap’ waterworn quartz pebbles are exposed at several places 
above the present stream, the Pirangy. One and a half and 3 kilometers 
west of Canhotinho waterworn cobbles are exposed by the railway 10 
meters above the stream. 


OBSERVATIONS AWAY FROM THE RAILWAY 


These notes have a greater value when taken in connection with ob- 
servations made off the line of the railway. 

Trips have been made by the writer from Palmares north to Bonito, 
and from Pao d’Assucar, on the Rio Sao Francisco, to Aguas Bellas, west 
of Garanhuns. 

The whole country about Bonito is of granite, and the Serra da Boni- 
tinho is likewise of granite. There are some striking cases of fluting of 
gigantic blocks of granite on the highway between Palmares and Bonito. 
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OBSERVATIONS AWAY FROM SAO FRANCISCO RAILWAY 


e In the valley below the town of Bonito some of the bare granite bosses 
e show angular inclusions of other and darker rocks. 

Between Pao d’Assucar and Aguas Bellas the rocks are granites and 
gneisses, with some highly metamorphosed rocks ‘he latter include 
inconspicuous beds of crystalline limestone in the Serra dos Meninos 
near Aguas Bellas. The granitic rocks were observed at Lagoa da Lagea, 
8 leagues east of Aguas Bellas, and at Pedra Pintada, 12 leagues west of 
Garanhuns.* 

Two interesting papers have been likewise published by Doctor L. Lom- 
bard on the geology of the interior of the state of Pernambuco, and inas- 
much as Dector Lombard’s papers were published only in Portuguese, 
where they are inaccessible to geologists, I give here his conclusions so 
far as they relate to the geology of the state of Pernambuco in the 
vicinity of the Recife ao Sao Francisco railway. 

One of Doctor Lombard’s papers t contain the results of two months’ 
work in the region south of Garanhuns, and covers an area of about 
3,500 square kilometers. He summarizes the geology of the region as 
follows: 

“The terranes of this region belong to the lower part of the primitive terrane 
here represented by gneiss in contact with granite. Mica schists are rare. The 
only ones I found are on Rio Salgadinho, where they resemble a gneiss poor in 
feldspar. The gneiss and granite merge together without exhibiting any sharp 
lines of distinction. Outcrops of later basic eruptive rocks are rare, and the dis- 
turbances of the beds of gneiss were caused by eruptions of granite and perhaps 
of granolite.” 


Doctor Lombard’s second paper { treats of the region between Garan- 
huns and Buique and of the country around Buique. The area covered 
by his map is about 5,000 square kilometers. 

He found the region between Garanhuns and Buique to be of granite 
and gneiss. Descending the Serra de Sao José, the gneiss dips northeast 
at an angle of 20 degrees. In the basin of the Rio Ypanema the rocks 
are more granitic. Near Rio Cordeiro a dike of diabase was seen. The 
Serra de Buique is of granite, but along the southeast side of the Serra 
there are limestones. Nothing is told of the geologic position of these 
limestones. The mountain masses and the plateau west, north, and 
northeast of Buique are of sandstone resting on granite. The moun- 


* Further notes on the region about Aguas Bellas are given in the Amer. Jour. Sci. for Feb., 1902. 

+ Relatorio sobre a exploragf&o da parte sul do Estado de Pernambuco entre Palmares e Bom 
Conselho. Por L. Lombard. Recife, 1895, being pages 51-62 of the Relatorio apresentado ao Exm. 
Sr. Governador do Estado . . . pelo Dr Rodolpho Galv&o, Secretario dos Negocios da Indus- 
tria. Recife, 1895. 

t Relatorio sobre a exploragao mineralogica de Garanhuns 4 Buique e da zona salitrosa de Buique. 
Por L. Lombard ; pages 123-140 of the report above cited. Recife, 1895. 


Grow. Soc. Am., Vou. 13, 1901 
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tains known as Coqueiro, Sao José, Catimbao, Quyri d’Alho, Andorinho, 
and Chapeo are all of sandstone. These sandstones dip toward the 
southeast at an angle of from 10 to 15 degrees. 

The sandstones contain mica, waterworn quartz pebbles, and bits of 
kaolin. They yield some salt and saltpeter, which are extracted by 
leaching, and certain organic substances the character of which was not 
determined.* Doctor Lombard regards these sandstones as of ** primi- 
tive or pre-Cambrian ” age. ’ 

In the absence of fossils it is hardly worth while to speculate on their 
age. It seems much more probable, however, that these sediments be- 
long to the great Cretaceous area that covers a large part of the interior 
of Piauhy, Cear4, Parahyba, and Pernambuco. The elevation of the 
Buique sandstones (between 800 and 900 meters above tide) appears to 
make it improbable that they belong to the Tertiary. 

L. E. Dombre, a French engineer connected with the department of 
public works of the province of Pernambuco, traveled through the in- 
terior of that province in the years of 1874 and 1875, and in his letters 
to the director gave many valuable notes upon the geology of the region 
visited.+ 

Dombre went as far west as Floresta, but reference is here made only 
to his notes upon on the geology in the vicinity of Recife ao Sao Fran- 
cisco railway. 

Of the general character of the geology Mr Dombre says { that the few 


* This organic matter is known in the region in which it is found as borra. A sample of it was 
given me by Doctor Lombard, and was submitted to Dr J. M. Stillman, the head professor of 
chemistry at Stanford University, who gives me the following as the results of his chemical ex- 
amination : 

“The substance submitted under the name of borra appears to be largely earth, sand, and 
gravel cemented together by or permeated with a substance or mixture of substances of organic 
origin and of deep chocolate brown color. The organie matter is of that class of substances 
which have been at times called mineral resins—Erdharze—for want of more definite names. 

“The borra is brittle and hard, does not melt or soften appreciably by heating. At high tem- 
peratures it gives off vapors of pungent odor and burns with a yellow flame, leaving an earthy 
residue in the form of the original mass and composing by far the greater part of the entire mass. 
Rubbed to a fine powder and extracted with alcohol and ether the borra gives a small quantity of 
colorless extract of a bitter taste. The residue from the aleohol-ether extraction when treated 
with caustic soda solution gives a solution of dark brown color, reprecipitated on neutralizing 
with acids as a brown resinous mass, insoluble in water, and but slightly soluble in alcohol, to 
which, however, it imparts a color by partial solution, That portion of the organic matter not 
dissolved by hot caustic soda was in the form of a dark brown pulverulent mass mixed with inor- 
ganic residue, and is not easily soluble in the common solvents. In concentrated sulphurie acid 
it dissolves at least partly with a dark brown color. 

“My interpretation of the above is that the organic matter in the borra is a mixture of sub- 
stances largely oxygenated and of faintly acid character, such as are often characterized as 
‘mineral resins,’ or as are intermediate between these and the so-called humus substances. The 
organic matter is present in too small quantity and too difficult to separate from its earthy admix- 
ture to be more definitely characterized.” 

+ Viagens do Engenheiro Dombre do Interior da Provincia de Pernambuco em 1874 e 1875 
In French and Portuguese 12°, 86 pp. Recife, 1893. 


t Loe. cit., p. 36, 
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sedimentary basins seen by him are completely metamorphosed and 
contain no fossils. He makes no mention, however, of the location of 
such sedimentary rocks. 

The rocks about Panellas, north of Quipap4, he found to be fine- 
grained gray granites. At Pesqueira, northwest of Garanhuns, he found 
granites, and the Serra de Ororob4, near Cimbres, he found to be of 
granite exposed in solid rounded peaks.* 

Between Pesqueira and Sao Bento he found only granites. In the 
vicinity of Bom Conselho (Papacica) he found “everywhere the same 
terrane of granite or porphyry,” { while at Ipueiras, southwest of Bom 
Conselho, he reports gneiss and schist and an “irregular bed of white 
crystalline limestone.” 


RESUME OF THE GEOLOGY ALONG THE RECIFE AO SAO FRANCISCO RAILWAY 


The crystalline rocks through the region of the Recife ao Sio Fran- 
cisco railway are much faulted. These rocks are chiefly granite, gneisses, 
and schists. 

West of Canhotinho a few exposures look like sedimentary rocks, but 
these beds were not carefully examined and it may be that the appear- 
ance of bedding is due to metamorphism. 

The strike of the beds (or the schistosity ?) is somewhat constant along 
the northeastern half of the railway line, but farther west the dip and 
strike vary greatly in amount and direction. These changes are enough 
to show that no trustworthy conclusions can be drawn from similarity 
or dissimilarity of dip and strike in widely separated districts in the 
Paleozoic regions of Brazil. 

It is still supposed by some people living in the state of Pernambuco 
that the rounded bosses of granite and the great rounded boulders found 
over the hilltops along the line of this railway are of glacial origin. 
This is quite erroneous. The theory at one time advocated by Louis 
Agassis and by Belt that this part of South America was covered by ice 
during the glacial period has been shown to be untenable. These par- 
ticular boulders originated where they now lie, unless they may in 
some instances have rolled down the hillsides. Such boulders occur 
between Cabo and Ipojtica, 300 meters east of Olinda station (kilometers, 
45), about Timbo-Ass@, and at many other points along the railway. 

Decomposition of the rocks is widespread, but the depths of the de- 
composition exposed in the railway cuts along this railway does not 
exceed 20 meters. 

The sedimentary beds north and west of Buique have yielded no fossils, 


* Loc. cit., p. 81, tLoe, cit., p. 83. t Loc. cit., p. 37. 
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but it seems probable that they are a part of the Cretaceous area of the 
interior of Piauhy and Ceara. : 

In comparing the geology and geography along this railway with that 
along the Estrada Central, we find these two railways crossing similar 
belts as follows : 

1. The low coastal plain of mangrove swamps and the sandy plain of 
Areias and Béa Viagem. 

2. The narrow line of Tertiary hills ending near Tigipié, on the Cen- 
tral, and between Ilha and Cabo, on the Recife ao Sao Francisco line. 

3. A belt of low hills of crystalline rocks ending on the Central road 
at the base of the Serra da Russa, and on the Recife ao Sao Francisco 
line near Canhotinho, or possibly somewhat farther east. 

4. An elevated region from which Paleozoic (?) sediments have been 
partly removed. On the Central railway this region begins with the 
Serra da Russa; on the Recife ao Sao Francisco it begins near Canhotinho, 
and, extending westward, forms the mountain tops to and beyond Aguas 
Bellas. 


GEOLOGY ALONG THE EstrRaADA DE FERRO CENTRAL DE PERNAMBUCO * 


RAILROAD STATIONS 


The following is a list of the stations, distances, and elevations on the 
Estrada de Ferro Central de Pernambuco : 


Kilometers | 
from the | . Elevation 
Central, Station. above tide. 
Pernambuco. 

| Meters 


* For the privilege of examining the geology along this railway I am indebted to Dr Antonio 
Pai Pires Ferreira, the obliging director of the railway at the time of my visit. Doctor Ferreira 
has also kindly furnished me with a large scale map of the line of the railway, and has sent me 
specimens of the SAo Caetano marble. 
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TOPOGRAPHY IN DETAIL AND THE ROCK EXPOSURES 


From the central station, in the city of Pernambuco, to within half a 
kilometer of Areias station, the railway passes over a flat country, much 
of it covered with mangrove swamps. Half a kilometer east of Areias 
the road cuts a sand bank 5 or 6 meters in height. This bank is the 
margin of the flat sand-covered plain around Areias station. A few 
hundred meters east of Areias station the railway crosses a narrow 
steep-sided, flat-bottomed valley. West of Areias and east of Tigipié 
station is another valley of similar shape, draining into the Capibaribe. 
The valleys around the margin of this sand plain are dendritic in form 
and belong to a single type. The following sketch shows a cross-section 
of one of them: 

These peculiar features are interpreted to mean that the Areias plain 
formerly stood at a greater elevation than at present, and at the time of 
this elevation steep-sided 
gullies or narrow winding Ee 
valleys were cut by the ——= 
streams around the mar- 

Ficure 12.—Profile of the Hills at Areias. 
gins of the plain. A sub- F 
sequent depression carried the bottoms of these narrow valleys beneath 
the salt water, whereupon they were immediately silted up. 

Three hundred meters west of Areias station the railway line cuts the 
colored Tertiary sedimentary beds. These beds are red; most of them 
contain small quartz pebbles that are scattered through the strata rather 
than arranged in well-marked bands. At Tigipié a cut on the north 
side of the road shows waterworn pebbles in approximately horizontal 
bands. 

At this same station the bottom of the creek valley is flat, as if be- 
longing to the dendritic group around the Areias plain. The low hills 
east of Tigipiéd are of about even height. West of Tigipid the hills are 
at once higher—perhaps 70 meters higher than the railway. The Ter- 
tiary beds, such as are exposed at Dois Irmaos, Caxangé, and Macacos, 
on the north side of the open plain about Pernambuco, are but little 
exposed along the line of the Estrada Central. Beginning a short dis- 
tance west of Areias, they are exposed to and at Tigipié station and end 
2 or 3 kilometers west of there; even so they appear mostly in the tops 
of the hills at this western end of the beds. Two kilometers west of 
Tigipiéd a railway cut exposes a horizontal bed of waterworn gravel, 
Between 2 and 3 kilometers west of Tigipid decayed crystalline rocks 
are exposed in a cut on the south side of the track. These rocks, how- 
ever, are exposed only in the lower portion of the cut. They are over- 
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lain by a bed, about half a meter in thickness. of coarse, waterworn 
quartz gravels, with from 1 to 2 meters of soil above it. 

From this point westward the cuts expose no more Tertiary beds. 
Before reaching Jaboataéo there are many exposures of decomposed gneiss 
or granite, in which are hard unaffected cores or boulders of decomposi- 
tion. One of the largest of these cuts is about 3 kilometers east of 
Jaboatéo. East of the cut there are exposures of granite in the valley. 
One kilometer east of Jaboataéo there is a cut 12 meters deep. This 
exposes red residuary soil with large blocks of undecomposed gneiss 
scattered through it. Immediately east of Jaboatao station is a cut about 
10 meters deep in a decayed gneissoid reck. At this station there are 
many exposures of crystalline rocks in the bed of the Rio Jaboatao. A 
little more than half a kilometer west of the station is a cut 10 meters 
deep. Very few of these cuts expose solid rock even at the bottom ; 
but most of them still have some boulders of the unaltered rock left 
behind. 

Three or 4 kilometers west of Jaboatio the railway cuts expose 
beds of subangular gravels 0.2 meter or 0.8 meter thick. These cuts, 
however, are not in the crests of the ridges, but more than halfway 
down their slopes. It seems probable that the gravels are left by the 
streams cutting their way downward, and that they do not belong to 
the Tertiary gravel sheets. ; 

About 1 kilometer east of Morenos station (kilometer 27) there is a 
cut 10 meters deep, and several others not so deep, in red residuary 
earth. At Morenos station the Rio Jaboatao flows over and between 
blocks of granite. Five kilometers west of Morenos small fluted bosses 
of gneiss are exposed in the fields. 

Setween Morenos (kilometer 27) and Tapéra (kilometer 38) there are 
several cuts 10 meters deep. In some of them the rocks are decom- 
posed down to the level of the railway track, while in others there remain 
here and there undecomposed lumps of the original crystalline rock. 

Where the cuts expose the rock decayed in place aloug this portion of 
the line the residual clays are red, yellow, brown, and mottled, but red 
is the predominating color. 

Three or 4 kilometers west of Tapéra the first bedded or foliated rocks 
were seen. East of the watershed between Tapéra (kilometer 38) and 
Victoria (kilometer 51) these rocks look like gneiss, with a general east- 
west strike. West of the watershed and to within 3 kilometers of Vie- 
toria station the rocks are schists and shales standing at high angles (60 
to 80 degrees). East of Victoria for about 3 kilometers the rocks are 
more like granites. Immediately east of Victoria station is a cut about 
8 meters deep. The bottom of the cut is in decomposed crystalline rocks 


( 
t 
| i 
t 
b 
t 
d 
t] 
R 
sl 
tl 
m 
th 
th 
th 
vi 


with quartz veins. Above this isa bed from 0.1 to 1.0 meter thick of 
heavy waterworn pebbles, and above this is from 0.5 to 2 meters of soil. 
It is to be observed that Victoria has an elevation above tide of 146 
meters, and the gravel beds in the vicinity of the larger streams are pro- 
visionally referred to fluviatile rather than to marine origin. West of 
Victoria the rocks still appear to be more or less schistose. 

At Francisco Glycerio station (kilometer 64; elevation, 194.8 meters) 
the railway cuts in red clay expose a few waterworn quartz pebbles 
at the line of the junction between the soil and the hard rocks beneath. 
In the vicinity of this station a rather flat plain opens northward, while 
to the south and west rise mountains locally known as the Serra da 

tussa, with a maximum elevation of 503 meters near the railway line 
where it crosses into the valley of Rio Ipojaica. These mountains, how- 
ever, are but the eastern and northern margin of the high and hilly 
plateau of the upper Ipojica drainage. West of Francisco Glycerio the 
railway ascends the escarpment of the great plateau. Between Francisco 
Glycerio and Russinha, at an elevation of about 250 meters, the brilliant 
red and yellow colors so characteristic east of this place appear to end. 
West of here, also, the decomposition of the rocks does not seem to be 
so deep or so widespread. 

Immediately west of Glycerio the country is soil-covered, and more 
than half of it is under cultivation. There are a few exposures of rock 
on the hillsides and in the creek beds. There is a rather persistent but 
in places pockety line of pebbles exposed in the cuts along this part of 
the railway. It is generally at the junction of the soil and the unde- 
cayed rocks beneath, and appears to be related genetically to the former 
but not far removed drainage of the region. The individual blocks of 
these gravels are often as large as a man’s head. 

Along the next 3 to 5 kilometers east of Russinha the rocks look like 
dark, very micaceous gneisses; they are cut by a few quartz veins and 
are deeply decomposed. 

As one goes westward, Russinha (kilometer 72; elevation, 308.8) is 
the last station on the railway before reaching the crest of the Serra da 
Russa. A short distance west of that station the line crosses the water- 
shed between the Rio Capibaribe drainage and that of Rio Ipojiica. 
West of Russinha there are many deep cuts along the line of the road 
that make excellent exposures of the geology ; some of these cuts are as 
much as 30 meters deep méasured on the upper slopes, and many of 
them are 15 meters deep. There are, besides, several tunnels in which 
the rocks are so solid that the tunnels do not require to be lined save at 
their mouths. One tunnel was being lined, however, at the time of my 
visit. Some of the rocks in these cuts are more evenly bedded, as if 
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they were shales and sandstones, while others are schistose or gneissic. 
They are much jointed and but a little wrinkled, and stand at high 
angles, 70 to 80 degrees, with a south (?) dip. In places they appear to 
be crushed and faulted. 

Between Russinha and the tunnels the cuts nearer the station expose 
rather darker, more micaceous, and more decomposed rocks than those 
higher up the mountains. From near the top of the mountain there is 
a magnificent view toward the northeast and overlooking the hilly 
valley of the Capibaribe. Between the summit and Rio Ipojtiica are 
some exposures of pinkish colored shales. After passing the divide of 
the Serra da Russa there is but a slight descent to Gravatd station, on 
Rio I pojaca, in the bottom of the valley to the southwest of the moun- 
tain. Thus the Ipojdca at this station is not in a valley like that at 
Victoria or at Escada, but it flows through a wide, open, flat valley near 
the edge of a mountainous plateau having an elevation of 500 meters or 
more above the sea. 

Two hundred meters east of Gravata station (kilometer 89; eleva- 
tion, 446 meters) there is a good exposure of the shales in a long shallow 
cut. These rocks are clearly bedded, and some of them have the appear- 
ance of altered silicious sediments like novaculites or diatomaceous 
shales. Under a microscope of low power they seem to be filled with 


elongated or lens-shaped grains of quartz or opal. They have a south 


dip of about 70 degrees. 

The mountains seen south of Gravat&é have exposures of bare rocks 
about their summits. Three hundred meters west of Gravata, again 14 
kilometers west of Gravaté, and again 3 or 4 kilometers west of the same 
station are cuts along the railway, in which bedded rocks—schists or 
shales—are exposed with high (70 to 80 degrees) south dips. 

A belt of gneiss-like, dark banded rocks, 2 or 3 kilometers wide, fol- 
lows. From 1 to 2 kilometers east of Bezerros station and south of the 
river schistose rocks are exposed mostly with a south dip. There are 
several bosses and exfoliated masses of gneiss just east of Bezerros. At 
several places waterworn pebbles are exposed along the railway, but 
these exposures are all near the Rio Ipojtica. At Bezerros (kilometer 
112; elevation, 459 meters) a cut in the rocks opposite the station ex- 
poses hornblende-schists crossed by large veins of pink feldspar. These 
schists have a south dip of only about 30 degrees. 

South of Bezerros the Serra Vermelha is in full view. It appears to 
rise about 200 meters above the plateau. Bare rocks are exposed here 
and there over its sides, resembling granite or gneiss bosses. Dombre 
reports a bed of hematite iron ore in the Serra Negra, 2 leagues north 


of Bezerros. 
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Between Bezerros and Goncalves Ferreira the railway appears to cross 
and recross the contact between coarse grained granites and schists. 
The dip of the schists changes, but it is always high, sometimes appar- 
ently on end, with an east-west strike. One of the cuts, 6 meters deep, 
exposes schists beautifully for several hundred meters. 

At Goncalves Ferreira station (kilometer 127; elevation, 509 meters) 
the rocks continue to strike east-west. The mountains about 2 kilo- 
meters north of the railway station expose enormous and beautifully 
exfoliated boulders and bosses of massive granite with black inclusions, 
One of these large blocks is beautifully fluted. From the railway station 
this mountain, known as the Serra de Imburana, is an impressive sight. 

Where the railway goes round the west end of the mountain, there is 
exposed near the track a layer of coarse waterworn pebbles varying in 
size from 5 to 20 centimeters in diameter. 
These pebbles appear to be one of many 
separate patches rather than part of a sheet, 
though there may be such a sheet over the 
Caruarti plain. About 2 kilometers west of 


Gongalves Ferreira, at the foot of the Serra pen a 

. 
Imburana, there is a fine exposure of avery S 
dark gneiss with large pink feldspars. Ficure 13.—Apparent Relation of 


Schists and Granites East of 


Three kilometers east of Caruar( the rail- 
way passes from schists to granites; the 
schists appear to dip north at an angle of 80 degrees, as if passing 
beneath the granite mountain, Serra Imburana. Immediately east of 
Caruart the granites contain aplite dikes. 

Caruart station (kilometer 139; elevation, 537.7 meters) stands on a 
flat plain near the base of a conical granite hill. In sight of the town 
both north and south are ranges of mountains approximately parallel with 
the [pojtica valley and with the general direction of the railway. The 
granite peak at Caruarti exposes in places exfoliated blocks and bosses, 
but in July, 1899, the greater part of it was covered with vegetation. 
The rocks at the base of the peak are coarse grained granites, and these 
eover the country for miles around. The plain west of Caruarti is cov- 
ered with a thin coating of waterworn quartz pebbles. There are no 
heavy forests hereabout; the vegetation is low and scrubby, probably 
owing to the droughts to which this region is sometimes subjected. 

West of Caruarti there are many good exposures along the railway of 
coarse grained and beautiful pink granites, popularly known as *‘ Scotch 
granite.” These granites are cut here and there by big quartz veins and 
aplite dikes; in places the rocks are gneissic, occasionally they are 
decomposed. 


Caruart. 


XII—Bvutt. Soc. Am., Vor. 13, 1901 
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Near Sao Caetano schists alternate with the granites, and the schists 
appear to form a belt lying north of the granites of Caruarti but south 
of those of the Serra Imburaina. West and south of Sio Caetano the 
rocks are more like gneisses, but they show the banded structure of 
schists. West of Sao Caetano for 3 or 4 kilometers the dip of the rocks 
is south and about 65 to 70 degrees; farther west the dip is north and 
about 80 degrees. 

There are limestones in the vicinity of Sio Caetano, but I was unable to 
visit the quarries. Dombre saw these deposits and states that they form 
a bed having an east-west strike at two outcrops, but he does not men- 
tion the thickness of the rocks.* 

Through the courtesy of Dr Antonio Pai Pires Ferreira, the director 
of the Estrada de Ferro Central, I received a specimen of the limestone 
from the quarries south of Sao Caetano. It is a beautiful fine grained 
marble, capable of a high polish. 

The following analysis by Professor L. R. Lennox shows it to bea re- 
markably pure limestone: 


Analysis of the Sao Caetano Marble 


Per cent. 
Oxide of iron and alumina (Fe,0, ond -14 
Phosphoric acid not 
99.67 


Antonio Olyntho (kilometers 180), the last station on this line, is 
likewise the highest, and has an elevation of 565 meters above sealevel. 
Before the arrival of the railway this place was known as Curralinho. 
The country around is a part of the elevated plateau extending west 
from the Serra da Russa. The valley of the [pojica is here a rolling 
flat valley, with mountains visible on the horizon to the north and to 
the southeast. 

There are several good exposures of rocks at the station and north of 
the Y, and also along the railway track east of the station. In the cut 
north of the Y there are five or six faults from 2 to 4 meters apart and 
striking approximately east-west. The rocks here dip north ata high 
angle. The notes made at Antonio Olyntho station say that “ the 
schistose metamorphic rocks have shales interbedded with them.” But 
the metamorphic rocks appear to be tuffs,so that the series was probably 


* Viagens do Engenheiro Dombre ao Interior da Provincia de Pernambuco em 1874 e 1875. 
Recife, 1805, p. 14. 
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originally deposited in water where clays alternated with the volcanic 
ejectamenta that form the feldspathic beds. A prominent feature of 
these bedded rocks is a felted appearance that is characteristic of the old 
Paleozoic rocks through the highlands of Brazil. In the felted silicious 
schists are occasional lenses or bands of flint or chalcedony closely re- 
sembling novaculites, some of them more than a meter in length and 
20 centimeters wide; one was noted having a length of 3 meters and a 
width of 2 centimeters. These flints are partly surrounded by and 
partly penetrated by pink feldspars. The schists vary in color from 
nearly black where they are unweathered to gray where they are 


Fieurr 14.—Looking west from7Antonio Olyntho. 


weathered. The black ones are exceedingly hard. The pink feldspars 
are characteristic of all or nearly all of them, and many of them contain 
quartz lenses. 

All of these bedded rocks are much jointed, the clean, smooth joints 
cutting for the most part square across the beds. The joints are from 
1 centimeter to 15 centimeters apart. 

The schistose rocks about Antonio Olyntho are slickensided. This 
fact, together with the faults exposed at Antonio Olyntho and the gen- 
eral structure, so far as it is visible between the Serra da Russa and the 
west end of the valley, lead to the conclusion that the region is much 
faulted, especially along the east-west belt crossed by the railway be- 
tween Caruarti and Antonio Olyntho. 

According to the observations of Dombre, the granitic rocks found 
about Bezerros continue to Sao Bento, about 40 kilometers south and a 
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little west of Antonio Olyntho, and granites are also reported by him 
between Sio Bento and Pesqueira farther west. 

Since the preceding pages were written sections of the jointed and 
felted rocks found near Antonio Olyntho were submitted to Dr J. P. 
Iddings, who kindly writes of them as follows : 


“The three sections sent me appear to come from the same rock. Under the 
microscope it is seen to be a metamorphosed granitic rock, or possibly granitic 
porphyry or a rhyolite. It consists of phenocrysts or the remnants of potash 
feldspar in a micro-granular groundmass of quartz and unstriated alkali feldspar. 
There is a sheared, streaked, flow structure, and it is plainly seen that there has 
been crushing and shearing and reerystallization of the minute crushed particles. 


\ Yfin y » 
wl, 


Fiaure 15,—Jointed and metamorphosed Rhyolite Tuff near Antonio Olyntho. 


The large feldspars are partly shattered and split apart and the spaces betweeu 
filled with granular quartz. The feldspars are microcline by the straining of ortho- 
clase, the twinning being most noticeable where the stress appears to have been 
great. The minute grains of feldspar are unstriated, with low refraction, therefore 
alkali, presumably orthoclase (?) (unstriated microcline). In places the large un- 
twinned feldspars are streaked with another unstriated feldspar in a perthitic 
manner. The grains of quartz and feldspar in gronndmass are not evenly distrib- 
uted, but are in streaked patches of many feldspar grains and many of quartz, 
suggesting that the original rock was a fine grained granite, rather than a porphyry. 

‘* There is very little of other minerals present. Small particles of colorless and 
vellowish muscovite in streaks, small crushed apatites, little crushed magnetite, 
little (?) hornblende, pale green. I should think the rock a crushed orthoclase 


granite, having very little mica and little else. 
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It should be added that I felt convinced while looking at them in the 
field that many of the rocks in and west of the Serra da Russa were 
metamorphosed sedimentary beds. The rock described by Mr Iddings 
belongs to what I supposed to be a metamorphosed tuff of some kind. 


Mr Iddings tells me that this is not impossible, but that there is nothing ° 


in the slides alone to show it. 

I am further induced to think these rocks are rhyolitic tuffs partly by 
their constant evidence of bedding, by their association with shales, and 
by the agreement of their strike with the strike of the limestones at Sao 
Caetano, as reported by Dombre. 


CONCLUSIONS REGARDING GEOLOGY ALONG THE CENTRAL RAILWAY OF 
PERNAMBUCO 


1. The Tertiary (?) beds are exposed along the Estrada Central only 
to kilometer 13 from the Pernambuco end of the line. 

2. The topography about Areias and Tigipié suggests a late elevation 
and a still later depression of the region. 

3. Whether the granites are older or newer than the schists is not clear 
from anything observed along tliis geologic section. 

4. The colors of the residuary clays are much more brilliant from just 
west of Francisco Glycerio eastward—that is, from sealevel up to an 
elevation of about 200 meters—than they are at a greater elevation and 
west of there. 

5. West of the Tertiary area the railway passes over granites, gneisses, 
and schists. From Russinha westward there are a few places at which 
stratified rocks are exposed. Some of these resemble altered tuffs and 
some are shales. 

6. The bedded rocks include remarkably pure limestones (marbles) 
south of Sao Caetano, and these marbles also have an east-west strike. 

7. Some of the metamorphosed beds have the felted appearance char- 
acteristic of certain Paleozoic rocks of the Minas Geraes highlands. 

8. The region west of the Serra da Russa seems to be much faulted, 
the faults following the east-west strike of the rocks. 


GEOLOGY ALONG THE GREAT WESTERN RAILWAY FROM PERNAMBUCO ‘TO 
TIMBAUBA * 


RAILWAY STATIONS 


The following is a list of the stations, with distances and elevations: 


*The author is indebted to the Pernambuco officers of the railway company for free transpor- 
tatian over the line for himself and five assistants and for every courtesy and attention that could 
add to the pleasure and interest of the trip. 
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Elevation 
Kilometers. | Station. above 
flood tide.* 
Meters. 


TOPOGRAPHY AND ROCK EXPOSURES ADJACENT TO STATIONS 


The Recife or Pernambuco end of the Great Western of Brazil railway 
is at Brum, near the old Dutch fort between the city of Recife and 
Olinda. Brum stands upon a sand spit that rises but little more than a 
meter above high-tide level. The land is all low, sandy, and flat from 
Brum to Encruzilhada, 3 kilometers out. Two and a half kilometers 
beyond Encruzilhada the line of the railway comes to the foot of the 
Tertiary hills of highly colored sedimentary rocks. At Arrayal the hills 
ast and north of the road are from 30 to 50 meters above the flat coastal 
plain. About one and a half kilometers beyond f Arrayal the railway 
leaves the plain and ascends through many cuts in the soft particolored 
Tertiary beds. The rocks exposed in these cuts are red, brown, purple, 
yellow, gray, white, and mottled. The beds are approximately hori- 
zontal, and the materials are mostly rather fine sediments, with here and 
there coarse waterworn gravels. 

At Macacos station (kilometer 13.7) the elevation of the road is 47 
meters, and the big cut near the station is 20 meters deep, all of it being 


* The elevations as kindly furnished me by Mr John A, Lorimer, of the railway company, are 
referred to the bench-mark at the Arsenal de Marinha, at Pernambuco. This station is said to be 
8.76 meters below flood tide. All elevations are referred to high tide by subtracting 8.76 meters 


from the elevations as used by the railway. 
“a given point, therefore, 


+ These notes are written as if made on the outward trip; “ beyond 
always means along the line of the road and away from the Pernambuco end. 
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in the particolored Tertiary beds. These beds were examined for fossils, 
but none were found. 

It should be mentioned in this connection that the reservoir at Dois 
Irmios, northwest of the city of Pernambuco, is on one of these Tertiary 
hills, and that the summit of that particular hill has an elevation of 81 
meters above tide. 

The cuts at and near Macacos have given the railway company much 
trouble on account of the landslips that often occur in them during the 
rainy seasons. The white layers are especially liable to cause these land- 
slides. ‘his is due to the fact that these white beds are mostly kaolin 
deposited from the decomposed feldspars of the underlying crystalline 
rocks. When these kaolins become wet they are exceedingly slippery. 

About half a kilometer beyond Macacos, where erosion has cut deeply 
into the Tertiary sediments, the underlying granite is exposed in patches. 
One kilometer beyond Macacos the granite (or gneiss) is exposed by the 
railway track. 

The exposures of the old crystalline rocks show that their upper sur- 
face is quite uneven, for the Tertiary sediments are exposed in many 
places at lower as well as at higher elevations than the granites. 


At Camaragibe (kilometer 18.3; elevation, 35.24 meters), north of 


the track and half a kilometer beyond that station, granite is exposed. 
The Tertiary continues a little beyond this point, though it is more or 
less patchy north of Camaragibe. 

The railway enters the valley of Rio Capibaribe at Camaragibe and 
follows it up to Pio d’Alho. It is worthy of note that the line of the 
railway, instead of following up the valley of Rio Capibaribe, leaves 
the plain through which that stream enters the ocean, passes through 
expensive cuts over the watershed at Macacos (elevation, 47.24 meters), 
and descends again to the Capibaribe at Camaragibe (elevation, 35 
meters). Upon inquiring the reason for this, I was told that the railway 
was not built through the gulch past Apipucos on account of the soft 
and spongy nature of the soil that fills the narrow valley. 

A kilometer below Sao Lourengo there are terraces along both the 
banks of Rio Capibaribe at an elevation of about 10 meters above mean 
waterlevel. These terraces are visible for some 3 or 4 kilometers along 
the river. At many places the rocks are well exposed in the bed of this 
stream. 

From Sio Lourengo upstream for several kilometers the rocks ex- 
posed in the stream bed are gneisses. At Sao Lourengo the gneiss is cut 
by a granite (or pegmatite) dike. 

About 200 meters beyond the station at Titma the railway cuts gneiss 
that is decayed to a depth of nearly 20 meters. Here and there through 
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the decayed mass are rounded (exfoliated) lumps of the unaltered rock* 
This cut is about 150 meters long. Near the top of the bank is a thin 
line of waterworn pebbles following the contour of the hills. 

At Santa Rita, Sao Severiano, and Pfo d’Alho the crystalline rocks 
are well exposed in the river bed. Below the bridge at Péo d’Alho the 
schists are decayed in place and exhibit the same bright colors as are 
found in the Tertiary sediments. 

Seyond Pao d’Alho the slopes of the hills are gentler and the valleys 
broad, and the watersheds far away. On the hills between Pio d’Alho 
and Carpina (about 3 kilometers south of Carpina) the decayed crystal- 
line rocks are covered by a 
layer of red clay, near the 
bottom of which is a layer 
of waterworn pebbles min- 
gled with angular and sub- 
between Pao Alhoand  anoular fragments of gneiss. 

In every observed instance 
these bands of pebbles follow the contour of the hills and are within 
2 meters of the surface of the ground. In some places—not hilltops— 
the waterworn pebbles are 5 meters below the surface of the ground. 

Carpina (kilometer 59.8), it will be observed, is the highest point on 
the road (182 meters), and is on the watershed between the Capibaribe 
and Rio Goyanna. Looking northward from Carpina the mountains 
on the horizon have a serrate outline; toward the northeast they are less 
broken, while to the southeast the skyline is even and horizontal. To 
the east of Carpina, about 3 kilometers, there is one high peak that over- 
looks the surrounding country. 

Between Tracunhaem (kilometer 67.2) and Nazareth gneisses and 
some granites are expesed by the railway track, but there are no water- 
worn pebbles in the soil. At Nazareth station (kilometer 72.9) the 
gneiss is wrinkled and decayed. At the little station of Junco, between 
Nazareth and Lagoa Secca, the decayed rocks look more like schists than 
like gneisses. One of the cuts is about 20 meters deep, and the decayed 
rocks are mostly red. About 150 meters beyond the station of Lagoa 
Secca (kilometer 84.1) a cut exposes a narrow band of waterworn peb- 
bles in the soil. 

At Barauna station (kilometer 91.2; elevation, 73.6 meters) the rocks 
are schists. Inthe railway cuts 300 meters beyond the station the schists 
are deeply decomposed, and bands of waterworn pebbies pass through 
the thick clays and sands that overlie the rocks decayed in place. Two 
or 3 kilometers beyond the station these clays and sands are from 6 to 
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10 meters deep, where exposed in the cuts, and bands of cobbles, many 
of them 20 centimeters in diameter, run straight through the hills. 

The pebble bands are derived from quartz veins that penetrate the 
schists along this part of the line. 

At Allianga station again (kilometer 97.2; elevation, 59.2 meters) the 
rocks are decayed crystalline schists or gneiss with waterworn quartz 
pebbles overlying them in places. The schists here contain much mica. 

From 300 to 500 meters beyond Allianga waterworn quartz pebbles 
10 centimeters in diameter are exposed in the railway cut 7 or 8 meters 
above the stream level. 

At Pureza (kilometer 107.6; elevation, 70.2 meters) are decayed crys- 
talline schists,and beyond the station the undecayed rocks are exposed 
in the bed of the stream. A 
kilometer beyond Purezathere 
are waterworn pebbles at the 
track level, and at Timbauba 
(kilometer 118; elevation, 
100.7 meters) largewaterworn 
quartz boulders are exposed near and west of the railway station. Some 
of these boulders are 20 centimeters in diameter, and are both suban- 
gular and well rounded. The rocks in place at Timbauba are-either 
crystalline schists or gneisses. 

The terminal station of the railway at Timbauba is on the watershed 
between the drainage of Rio Goyanna and that of the Rio Parahyba. 
The country around is hilly, but the slopes as a rule are gentle, and most 
of them are covered with cultivated fields to their very summits. There 
was not time to ascend the higher hills; as seen from the village, many 
of them appear to rise to an even skyline a hundred meters or more 
above the station, while above these rise several higher peaks. The 
accompanying sketch is made from a photograph taken near the Tim- 
bauba station. 

So little is known of the nature of the waters of Brazil that I give here 
the analyses ordered made by this railway of waters taken at five different 
points along its line. These analyses were made for the purpose of deter- 
mining the availability of the waters for use in locomotive boilers, but 
they contain information of much interest in regard to the amount of 
total solids in the waters, and they show something of the character of 
these constituents. These waters are from springs near the stations 
named in the table. 


Fiaure 17.—Section on the Railway near Barauna. 


XILI—Butt. Grou. Soc. Am., Vor. 13, 1901 
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Partial Analyses of Waters along the Line of the Great Western of Brazil Railway 
(expressed in Grains per Gallon)* 
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et j28 |2 | ges 
= ve 5 g 
538) § Se | ous 
Total solids, .............. 82.39] 24.01] 49.35 | 60.24 19.39 
| 440} 040! 430/ 0.42 
...| 43.56] °11.16] 16.20| 27.72 | 8.28 
Total 26.30/ 6.58} 16.50) 6.58 
Permanent hardness | 21.00 6.58 | 11.90 | 15.40 | 6.58 
ee | 10.00 3.00 5.00 | 7.00 3.00 


The facts of general interest shown by the geology along this railway 
line are here brought together. 


CONCLUSIONS REGARDING THE GEOLOGY ALONG THE GREAT WESTERN 
RAILWAY 


The particolored Tertiary beds forming the hills around the plain on 
which Pernambuco stands form only a narrow belt where they are cut 
across by the Great Western railway. These beds end a short distance 
beyond Macacos, so that the entire belt has here a width of only about 
12 to 15 kilometers. 

The Tertiary beds where exposed along the railway are without fossils, 
but what appear to be the same beds, where less weathered, as at Olinda, 
contain marine fossils, which are regarded by Professor Gilbert D. Harris, 
of Cornell University, as of Eocene-Tertiary age.t 

The Tertiary sediments were laid down on an uneven surface of 
crystalline rocks—granites, gneisses, and schists. 

The crystalline rocks are exposed from near Macacos to Timbauba, a 
distance of about 100 kilometers by the railway line. 

Inland from the main Tertiary sediments waterworn materials cover 
the lower slopes of the hills, but these materials have not been observed 
at a higher elevation than a little more than 100 meters above tidelevel. 

The marked colors characteristic of the Tertiary beds are sometimes 


* For «a copy of these analyses Lam indebted to Mr John A. Lorimer, chief of locomotion on the 


railway. 
+ It is possible that there may be a thin bed of Cretaceous between the Tertiary and the schists 
and granites. 
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found where the old crystalline schists, gneisses, et cetera, are decayed 
in place. It is therefore believed that some of the coloring of the Ter- 
tiary sediments is due to the weathering in place of the crystalline rocks, 
and that some of the Tertiary beds have therefore always been highly 
colored. In other instances the coloring has taken place subsequent to 
the deposition and elevation of the Tertiary beds. This is shown by 
the size and character of the particolored areas. 

There is a notable topographic contrast between the region of Tertiary 
sediments and the region of old crystalline rocks. The soft Tertiary 
beds rise to an approximately even elevation and are cut by steep-sided, 
narrow, closely spaced valleys or gorges, while the region of old rocks is 
more rounded in outline and the valleys are broader and the elevated 
watersheds farther apart. 


GEOLOGY ALONG THE NataL A Nova Cruz 
RAILROAD STATIONS AND TOPOGRAPHY ADJACENT THERETO 


The lower part of the city of Natal stands on an alluvial flat, only a 
meter or two above high-tide level. This flat ends abruptly and sharply 
against the slope of the ridges, as if its materials had been deposited in 
water standing at that level against the hills. The “ upper city ” is on 
a hill of red Tertiary sediments that rises some twenty meters or more 
above high-tide level. The streams that cut across the region above or 
inland from the city are bordered by broad mangrove swamps, while 
the lowlands between the city and the sea is either mangrove or tide 
mursh or is covered with sand dunes. 

At kilometer 3 the view over Rio Grande and the estuaries about 
Natal throw light upon the topographic history of the region. The 
water of the estuaries is bordered with mangrove swamps, and these 
swamps merge into flat lands which end abruptly against the rather 
steep slopes of the hills beyond. At kilometer 5 the railway is near the 
general level of the Tertiary plateau that forms the rather narrow belt 
along the Brazilian coast from Natal nearly to the mouth of the Rio Sao 
Francisco. 

At Pitimbt (kilometer 12) the stream runs through a flat valley 
filled with a black, muck-like soil between steep hills. 

From kilometer 15 to 19 the country is a somewhat rolling, but nearly 
Hat, dry plateau, with a very secant vegetation. 

The sand dunes that have blown up from the coast are visible from 
the railway at many places across the ‘Fertiary plateau. Where the road 
approaches the coast they form a very striking feature of the topography— 
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long ridges of light brown or yellow sand, often more than 30 meters 
high and several kilometers in length. 


Stations on the Natal a Nova Cruz Railway 


| 
Kilometers. Station. Elevation. 

| Meters 


Between kilometers 15 and 20 these dunes, seen in the distance, look 
like low mountain ranges. Just before reaching kilometer 21 the road 
cuts down along the Tertiary red hills, crosses a narrow valley, and 
ascends another Tertiary ridge, whose surface is strewn with many lumps 
and pebbles of iron. 

Cajupiranga (kilometers 28, 24) is only 12 kilometers from the coast. 
It is situated in a flat fertile valley, about 0.2 kilometer wide, between 
Tertiary hills. 

Another long, narrow, and winding valley, known as the Pium, is 
crossed by the railway at kilometer 30. It is only about 100 meters 
wide, but drains into the ocean. 

Sao José Alto (kilometer 38) is one of the highest stations on the rail- 
way. Limestone is said to be quarried a short distance northwest of the 
Sao José station, but no specimens of the rock from these quarries have 
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Ancient Sand Dunes Capping the Bluffs at Pipa. 


Fiaure 19. 


been seen. North of Sao 
José the plateau is flat. 
The country in sight is 
all Tertiary and is cov- 
ered with a thin forest. 
The highest elevation 


reached by the railway’ 


on the divide between 
Cajupiranga and Sao José 
is 80 meters. 

From the Sao José Pa- 
rada one looks down on 
the Sapé valley—a wide 
and very flat valley with 
low hills here and there 
through it. Sapé station 
is on the east side of 
the low valley land. 
Through this valley flows 
the Trahiry river, but 
most of the valley, espec- 
ially during the rainy sea- 
son, is covered by a shal- 
low freshwater lake or 
marsh 2 kilometers wide 
and known as Lagéa 
Mipiba. It is, however, 
a network of lakes and 
marshes rather than a 
single lake. It is said 
that the tides are not felt 
in this lake. At some 
places the topographic 
break between the val- 
ley floor and the hills is 
sharp and well defined ; 
at others there is no great 
contrast, but the hill 
slopes and valley bot- 
tom merge gradually to- 
gether. 
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Northwest from Sapé the hills are Tertiary, and seen from the valley 
appear to be flat topped. 

After passing Sapé the railway ascends the Tertiary hills of horizontal 
beds, and, passing the watershed, descends to Baldhum (kilometer 52), 
where there is a long, narrow, flat bottomed valley only about 100 meters 
wide. 

South of Baldhum the railway ascends another red Tertiary ridge 
(kilometer 59), from which one looks out over the broad open Estevao 
valley. Descending to the valley, at kilometer 60 there is a small lake 
at Esteves station, and the railway crosses Rio Jaci, a small, sluggish, 
winding stream, with several small lakes along its course. 

Goyaninha station, at kilometer 63.5, is in a flat valley about 5 kilo- 
meters in width. Limestone is said to be found west of Goyaninha, at 
the foot of the hills. It was not possible for the writer to visit the 
locality, but through the kindness of Mr Samuel H. Agnew, the super- 
intendent of the railway, some small specimens of the rock have been 
received from the quarry at that place. The rock contains marine 
fossils, but the specimens received are small and the fossils so fragment- 
ary that it is not possible to identify them. They consist of gasteropods 
and bivalve mollusks. The rock is a very sandy limestone, straw col- 
ored and streaked with brown and red. 

From the Tertiary hills beyond (south of) Goyaninha one sees in the 
direction of the coast the sand hills that have been blown inland. 
Behind and landward of these hills in the valley is a great lake between 
Tertiary hills. These hills south of Goyaninha form a remarkably flat 
plateau or taboleiro, having an elevation of 90 meters, and is covered 
with a very sparse vegetation, chiefly mangaheira rubber trees. 

At kilometer 75 the hills are still Tertiary (?). At kilometer 79 the 
road descends westward from the plateau-cutting Tertiary (?) beds here 
and there until Penha is reached on the Rio Pituasst. A little beyond 
Penha the railway enters a broad, flat, marshy valley and, turning west- 
ward, follows up it for several kilometers. 

A few kilometers south of Penha station and north of Rio Curimatat 
there are several limestone quarries. It is said that lime is made half a 
league east of Pequiry station. Mr Agnew kindly sent me samples of 
the rock from one of the quarries south of Penha and east of Pequiry. 
The specimens received contain no fossils. They are all of a light gray 
color and on analysis prove to be dolomites. 
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Analysis of Limestone from near Penha 


L. D. Mills, analyst. 


II. 
Lime (CaO),........ 29.08 29.05 per cent. 
Magnesia (MgQ) ......... 20.10 19.92 per cent. 


Inasmuch as limestones and dolomites are common in the Cretaceous 
beds farther south, and as no limestones have been found in the beds of 
known Tertiary age, it seems probable that these limestones may be 
Cretaceous. 

Looking south from Curimatat station, the Tertiary (?) hills have the 
appearance of a flat-topped plateau. At Curimatad station the railway 
first comes upon the gneiss, which is here exposed by stream erosion in 
this deep, broad valley. These rocks in place are visible at the railway 
station and also at the bridge over the river. ; 

After leaving Rio Curimatati the soil is pebbly for several kilometers ; 
beyond this it is sandy. Then follow the Tertiary beds, and these are 
succeeded by crystalline rocks. 

These crystalline rocks begin on the plateau about 5 kilometers be- 
yond Rio Curimatat. 

At Montanha station the rocks are granites and the land is gently 
rolling. Some quartzitic or cherty rocks seen at Natal on the cars are 
said to have come from kilometer 108, north of Montanha station. 
These rocks appear to be Paleozoic, but without farther examination or 
evidence nothing trustworthy can be said of their age. 

About 1 kilometer north of Montanha, Tertiary (?) beds are visible. 
These are followed by granites, which are exposed here and there as 
exfoliated boulders and bosses. Farther on the Tertiary appears in 
patches again, and these in turn are followed by granites and gneisses, 
which continue to Nova Cruz (kilometer 121). 

In the low grounds along watercourses and on some of the slopes the 
vegetation is thick and rank, but across the high flat Tertiary plateaus — 
it is sparse, and in many places so much so that the ground is bare and 
hard and the landscape desert-like. 


CONCLUSIONS REGARDING THE GEOLOGY OF RIO GRANDE DO NORTE 


The facts of geologic interest in the section along the Natal a Nova 
Cruz railway are as follows : 


1. The horizontal weathered Tertiary (?) beds common along the coast 
southward nearly to Rio de Janeiro form a belt from 15 to 25 kilometers 
wide through the region traversed by the Natal a Nova Cruz railway. 
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2. Marine fossils have lately been found in the beds near the base of 
the series west of Goyaninha, and they probably occur also in the lime- 
stones northwest of Sio José and south of Penha. 


3. The fossiliferous limestones near Goyaninha are quite sandy. 


4. Whether the upper beds exposed on the coast are the same as those 
yielding fossils inland is not known certainly. 


5. The limestones south of Penha are, in part at least, dolomites, and 
lithologically resemble some of the Cretaceous limestones of the Sergipe 
basin. 


6. These Tertiary (?) beds contain much iron, especially on the coast 
south of Natal, at and in the vicinity of Ponta da Pipa. 


7. The Tertiary (?) beds thin out on the interior side, and their margin 
is a series of patches resting on the old crystalline series. 


8. The sedimentary beds rest unconformably on crystalline schists 
and granites probably of Paleozoic age. These crystalline rocks cover 
the greater part of the interior of the state of Rio Grande do Norte. 


9. The beds here spoken of as doubtful Tertiary may be Cretaceous 
at the base and Tertiary at the top; this is suggested by the geology of 
the adjacent state of Parahyba do Norte, as shown in the first part of 
this paper. 


10. Weathering has affected the sedimentary beds along the coast in 
much the same way, whether those beds are of marine or freshwater 


origin. 


11. Besides those mentioned at Goyahinna, one other occurrence of 
fossils has been reported in Rio Grande do Norte. In 1853 or 1854 


Parahyba and Rio Grande do .Norte, found fossil shells at Apody, on 
Rio Mossord, in the northern part of the province.* Dr Burlamaque 
also reports limestone and chalk ¢ sent from the same place by Brunet. 
The Apody beds are probably the Cretaceous (or Tertiary) limestone. 


* Noticia acerca dos animaes de ragas extinetas descobertos em varios pontos do Brazil. Pelo 
Dr F. L. C. Burlamaque. Bibliotheca Guanabarense, Trabalhos da Soc. Vellosiana. 9 de Junho 
de Seegho de Geologia, p. 19. 

+ Noticia acerca de alguns mineraes e rochas de varias provincias do Brazil, recebidos no Museu 
Nacional durante o anno de 1855. Por Dr F. L. C. Burlamaque. Revista Brazile'ra, Rio de Janeiro, 
1858 (?), vol. ii, pp. 78-79. 

t Rocks containing Cretaceous fossils were reported to have been found by Dr Continho on Rio 
Mossoré in 1886. Contribuigdes a Paleontologia do Brazil por Charles A. White. Archivos do 


Museu Nacional do Rio de Janeiro, 1887, vol. vii, p. 10. 
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Jacques Brunet, a French physician, while exploring the interior of 
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12. The most striking topographic features of the region traversed by 
the railway are: 

The enormous sand dunes on the plateau southwest of Natal. 

The flat bottoms of the valleys cut in the Tertiary (?) sediment, show- 
ing a comparatively recent depression of the coast. 

In many instances these valleys are still in process of filling up. The 
great Mipiba lake is in one of these depressed valleys. 
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INTRODUCTION 


A few years ago I outlined * what to me appeared to be the proper 
policy to be pursued by the United States Geological Survey. A kindly 
critic said of it: “There will not be much left for others to do if all 
that you have planned is carried out.” Since that time the work of the 
Survey has progressed steadily along the lines then laid down, the only 
important exception being the study of the geology of public roads, 
which has been taken up by the Department of Agriculture; vet state 
surveys continue to flourish and expand, and any active, capable stu- 
dent or professor connected with school, college, or university may find 
more geologic problems close at hand than he can possibly investigate. 


* Popular Science Monthly for February, 1895, 
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I am often asked by young men, “ What are the prospects for me if I 
take up geology as a profession? Is there work to be done and money 
to pay for it?” These questions have led me to make inquiries among 
active workers in American geology.* 


Tue Past 
GEOLOGIC WORK IN 1901 


Method of treatment adopted.—Let us first note what has been done 
during the year just closed. It is impossible to characterize adequately 
the scope and quantity of this work without a larger draft on your time 
than I feel at liberty to make, but the examination of its units will 
show its great variety of theme and the breadth of its distribution. I 
shall attempt to include only what may be called profession work—the 
work of geologic surveys and museums, and of men whose researches 
are sustained, in whole or in part, by the funds of educational and other 
institutions. The labors of amateurs are by no means unworthy of 
mention ; indeed, their contributions to geology are often of great im- 
portance ; but the fact that their researches are usually private, becoming 
known only through publication, makes it impossible to list them for 
the year 1901 with any approach to completeness, and they have only 
indirect bearing on our primary question—the status and prospects of 
the professional geologist. 

Jational organizations.—Foremost among the organizations and insti- 
tutions which have sustained professional work are the national and 
state geologic surveys. The United States Geological Survey, includ- 
ing in its purview the whole country, gave continuous employment last 
year to thirty-six geologists and paleontologists, and availed itself tem- 
porarily of the services of about fifty geologists, paleontologists, and 
mining engineers. For the services and direct expenses of these officers 
and colHaborators it expended the sum of $175,000. A still larger 
amount was devoted to accessory work of various kinds—chemical 
analyses of rocks, chemical and physical researches bearing on geo- 
logic problems, the making of topographic maps on which to delineate 
geologic boundaries, clerical and other aid connected with the indoor 
work and business management of the organization, and publication of 
reports and maps. The organization was also charged with the admin- 
istration of investigations not regarded as auxiliary to geologic work, 
but rather as involving the practical application of geologic data, the 


*In the preparation of this address I have ‘received most valuable assistance from Mr G. K. 
Gilbert and Mr F. B. Weeks, and many geologists and paleontologists have furnished important 


data. 
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chief of these being inquiries as to water supply, with reference to irri- 
gation and other utilities, and the survey of the forest lands with refer- 
ence to their protection and management. 

During the year 1901 the Geological Survey of Canada had thirty 
geologists in charge of parties or pursuing investigations independently 
of one another, in the field. Geologic reconnoissance surveys were made 
of several of the little known areas of the Dominion, and geologic studies 
of the occurrence of coal, copper, and the precious metals and other 
economic resources were prosecuted in the various districts. 

The Instituto Geologico de Mexico engages the continuous services of 
a limited number of geologists. During 1901 its work comprised the 
preparation of monographs on the coalfields and on the rhyolites of 
Mexico. Studies of economic minerals, eruptive rocks, paleontologic 
material, and structural problems connected with the geologic section 
from Acapulco to Vera Cruz were also prosecuted. 

State organizations—The State of New York, in continuation of the 
great scientific survey which gave to American geology its stratigraphic 
and faunal standards, maintains a bureau for paleontologic work and 
another for geologic, and makes provision also for the preparation 
of a topographic map suitable for the refined delineation of geologic 
boundaries. New Jersey, which some years ago completed an excellent 
topographic map and has been wholly covered by geologic surveys, 
maintains a corps of geologists, whose function it is to carry on scientific 
and economic researches pari passu with economic development. Penn- 
sylvania, which was the companion of New York in her great pioneer 
work and has since then conducted a comprehensive resurvey, now pro- 
vides for a moderate amount of economic work and contributes to the pro- 
duction of a detailed topographic map. ‘The geologic survey of Maryland, 
begun but a few years ago and comprising a comprehensive study of the 
geology and resources of the state, is being pushed to completion with un- 
usual energy and rapidity. West Virginia has taken a new and vigorous 
start that promises well for the future. Moderate appropriations are an- 
nually made for the investigation of the geology and resources of North 
Carolina, Georgia, Alabama, Louisiana, and Texas. Ohio, having twice in 
the past instituted general investigations of her geology, now maintains 
a corps of experts, whose chief function it is to gather geologic and tech- 
nical information in the interest of growing industries. She also makes 
annual provision toward the completion of an adequate topographic 
map. In Indiana a small amourtt of geologic work is supported by the 
State. Michigan, which has repeatedly called on the geologists for in- 
formation as to her mineral wealth, now employs a permanent corps of 
geologists and mining engineers. Wisconsin, already in possession of 
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comprehensive reports on her geologic features, makes annual provision 
for more refined and detailed study, both scientific and economic. In 
Minnesota the final results of a comprehensive survey are being elab- 
orated and published. In Iowaa detailed areal survey is in progress, and 
there are also special investigations of geologic problems and mineral- 
using industries. Missouri, whose geologic survey has been retarded by 
many changes of policy and personnel, has recently placed her work in 
charge of one who commands our confidence as well as our good wishes. 
Kansas and South Dakota make moderate provisions for the prosecu- 
tion of geologic research by the officers of their universities. In Colo- 
rado, Arizona, California, and Washington provision is made for a cer- 
tain amount of investigation in connection with local mining industries. 

Musewms.—The United States National Museum provides laboratory 
facilities for paleontologists of the national survey and enables its cura- 
tors in geology and paleontology to devote part of their time to original 
research. The Museum of Comparative Zoélogy, one of the institutions 
for research associated with Harvard University, carries on geologic and 
paleontologic investigations. The Peabody Museum, an institution of 
research associated with Yale University, is devoted chiefly to the col- 
lection and study of fossils and minerals. The American Museum of 
Natural History in New York, the Museum of Princeton University, and 
the Carnegie Museum in Pittsburg carry on important paleontologic re- 
searches, both in the field and in the laboratory. 

Universities and colleges.—All of our larger universities and colleges, 
either directly or indirectly, give substantial aid to geologic investiga- 
tions. In a few instances funds are contributed to defray research ex- 
penses in field and laboratory. In some cases the means of publication 
are provided. In all cases the teachers of geology are either permitted 
or expected to devote a portion of their time to scientific investigations. 
In a number of instances state surveys are by legal enactment associated 
with state universities, and the geologic survey of Maryland is conducted 
under the auspices ofa university privately endowed. Prominent among 
the institutions which thus promote the progress of geologic science are 
Harvard and the Lawrence School, Yale and the Sheffield Scientific 
School, Columbia and the School of Mines, Cornell, Princeton, Lehigh, 
Johns Hopkins, Denison, Chicago, Stanford, Amherst, and the univer- 
sities of Alabama, Ohio, Michigan, Wisconsin, Minnesota, Iowa, Kansas, 
and California ; but the list might be extended so as to include practi- 
sally almost every institution in which scientific instruction is so far 
differentiated that the subject of geology occupies the entire attention of 
one teacher. 
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Taking account of all these agencies, whether surveys, museums, or 
educational institutions, I estimate that seventy geologists are enabled by 
financial support to devote themselves wholly to professional research 
work; that fifty geologists, mining engineers, and technologists, though 
occupied chiefly in other ways, receive pay for special work in the field 
of research, and that seventy other geologists, employed and salaried as 
teachers, either are urged or are permitted without prejudice to devote 
part of their time to scientific investigations. The total would be carried 
above two hundred if to these were added those mining engineers who, 
gaining a livelihood by the industrial application of expert geologic 
knowledge, devote more or less of their leisure time to research. 

Publications.—In this connection should be mentioned the important 
aid which geologists receive through various agencies of publication, 
While such aid does not contribute to the support of the student, it is 
sometimes the factor which turns the doubtful scale and makes a con- 
tribution to geologic science possible. The Bulletin of this Society, the 
American Geologist, and various scientific journals which give part of 
their space to papers on geologic subjects, are supported by the scientific 
men themselves, and from one point of view may seem to give no aid 
to the needy investigator ; but it is really the readers who pay the printer, 
and the investigator is called on to pay only because he is also a reader. 
The Journal of Geology is not altogether dependent on its subscription 
list, but is practically endowed by the University of Chicago ; and at 
New York, Baltimore, Granville, Lawrence, Berkeley, and Palo Alto the 
results of research are published in university transactions at university 
expense. The Wagner Institute devotes much of its income to paleon- 
tologic publications, and other institutions and societies, local and 
national, include geologists among the devotees of research to which 
the pages of their publications are open. 

Of 21,600 printed pages on American geology in 1899, 12,000 were 
published by state and national surveys, 1,700 by geologic journals, 
2,000 by other scientific journals, 500 by the Geological Society of 
America, and 5,400 by other associations and institutions. 

Recurring now to the enumeration of investigations in progress dur- 
ing the last year, it will be convenient to begin with a geographic order. 

Work in the various states—In New Hampshire, Pirsson made field 
studies of the crystalline rocks, Hitchcock continued the investigation 
both of the structure of the older rocks and of the glacial geology in the 
vicinity of Hanover, and Dale continued the study and mapping of 
Paleozoic formations on both sides of lake Champlain. Metamorphic 
rocks in Worcester and Franklin counties, Massachusetts, were studied 
and mapped by Emerson, in southwestern Connecticut by Hobbs, and 
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in central Connecticut by Gregory and Ford. Woodworth continued 
his studies of glacial phenomena and of Carboniferous strata in the 
Norfolk area, and Taylor studied and mapped the glaciated features of 
the Housatonic and Taconic districts. 

In southwestern New York, Glenn made detailed studies of Devonian 
and Carboniferous strata with special reference to coal, oil, gas, and 
clays. In the Adirondacks, Kemp continued the mapping of crystal- 
line rocks. Ogilvie mapped in detail the formations of a tract near 
Paradox lake, and Cushing of a tract north of Little Falls. Harris 
mapped the region above Crown Point and North Balcon island, on 
lake Champlain. Fairchild studied glacial deposits of the western part 
of the state, and Woodworth worked on the Pleistocene history of the 
Champlain-Hudson valley. Clarke conducted or supervised areal work 
about Canandaigua and Seneca lakes and the Niagara river and studies 
of the stratigraphy and life of the Rondout waterlimes, of the limestone 
lenses in the Rochester shales, and of the pyritic bed occupying the 
horizon of the Tully limestone west of Canandaigua. Beecher made 
collections of fossils from Devonian and Silurian horizons at Sheldrake, 
Hornellsville, and Rochester. 

In Pennsylvania, Campbell and his assistants made detailed exami- 
nations of Carboniferous strata with special reference to the occurrence 
of coal, oil, and gas. Girty continued a study of the relations of the 
Lower Carboniferous strata and their faunas. Stose worked on areal 
and economic geology in the vicinity of Mercersburg and Chambers- 
burg, and Bascom in the vicinity of Philadelphia. Williams studied 
the changing constitution of fossil faunas as traced westward from the 
central eastern counties. 

In New Jersey, Ries continued the investigation of clay deposits ; 
Kiimmel and Weller studied Paleozoic formations at the northwest, and 
Woolman was occupied with the collection and correlation of data re- 
garding artesian wells at the south. Wolff completed the study of a 
pseudo-leucite dike near Beemerville. Salisbury and Shattuck studied 
Pleistocene problems of the coastal plain region of New Jersey and 
Delaware. 

Field work by the Geological Survey of Maryland included the map- 
ping of Prince George, Harford, and Garrett counties, with local studies 
of clay and iron deposits; and laboratory studies of coal and fossils were 


prosecuted. 
In West Virginia, I. C. White was engaged in the preparation of a 


report on the coals of the state. 
Watson made a petrographic study of a part of the Piedmont plateau 


in Virginia and North Carolina. 


¢., 
| 


WORK IN THE STATES IN 1901 105 


Holmes studied the Columbia and Lafayette gravels and loams of 
North Carolina, tracing their equivalents in the Tennessee valley across 
the states of Georgia, Alabama, and Tennessee. Pratt made local studies 
of mineral deposits in the crystalline rocks of North Carolina west of the 
Blue Ridge, and was associated with Lewis in the study of the origin 
and relations of the corundum-bearing rocks of the western portion of 
the state. Keith revised earlier areal work in the Great Smoky moun- 
tains in North Carolina and Tennessee, and was otherwise occupied 
with areal surveys in Oconee, Pickens, Greenville, and Anderson coun- 
ties, South Carolina. 

Areal and economic work was continued by the State Survey of Ala- 
bama. Smith assembled and correlated the records of artesian wells in 
Alabama and Mississippi and made a local study in connection with 
borings for oil in Mobile county, Alabama. McCalley mapped a por- 
tion of the crystalline area in northern Alabama, and a portion of the 
Cahaba coalfield. Hall prosecuted a systematic investigation of the 
water powers of the state. 

The gas wells of Louisiana, in Natchitoches, Winn, and Grant counties, 
were examined by Adams. Harris continued the study of underground 
waters, and Veatch worked on the geology of the Pliccene formations. 

Ashley studied the Carboniferous strata of northern Kentucky and 
southern Indiana with special reference to the occurrence of coal. 

In Ohio, Orton studiéd those resources which are likely to aid in the 
development of the Portland cement industry. Peppel investigated 
limestones with reference to their use for the manufacture of lime and 
lime mortars. Bownocker continued work on the oil and gas districts, 
and Lord on the fuel values, absolute and comparative, of the Ohio coals. 
Prosser studied the stratigraphy of Carboniferous, Devonian, and Silu- 
rian formations in various parts of the State and made a geologic map 
of the vicinity of Columbus. 

Blatchley and Hopkins studied the partings between certain forma- 
tions in the southern part of Indiana for the purpose of securing exact 
data for a geologic map, and Blatchley was further occupied with an 
investigation of mineral waters. Cummings made collections of Ordo- 
vician fossils. 

In Michigan, Leverett and Taylor continued work on moraines and 
other features of the drift. Lane investigated the occurrence of coal in 
Saginaw county, and made studies also of underground temperatures 
and of the relations of formations penetrated by deep wells. Grabau 
continued a study of Devonian limestones, Davis investigated the 
origin of marls. Russell contitiued the investigation of the Portland 
cement industry of the state. Bayley continued work on structural and 
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economic problems of the Menominee and Iron River districts. Gordon 
examined the oil and gas wells of the region about Port Huron, and 
McLouth studied the surface geology and oil wells about Muskegon. 
In Wisconsin, Buckley continued the investigation of road materials 
and road construction, and Fenneman a physiographic survey of the 


lakes of the southern and eastern districts. Weidman made a study of 


the formations of Marathon and adjacent counties, and Hobbs of the 
pre-Cambrian volcanic rocks of the Fox River valley. Hobbs also com- 
pleted his study of the pre-Cambrian voleanic rocks of the Fox River 
valley. Bayley continued work on the Florence iron district. Grant 
continued laboratory work on the geology and petrology of the Keween- 
awan rocks. 

In Minnesota, Winchell was occupied with final publications of the 
state survey, and Van Hise and Clements continued the investigations 
of the Vermilion Lake iron district. 

Calvin and his assistants, of the Lowa survey, continued the field in- 
vestigation of clays and the collection of data as to artesian wells and 
the tracing of the boundary of the Iowa drift, besides carrying on areal 
work in Howard, Tama, Buena Vista, Cherokee, Monroe, Wapello, and 
Jefferson counties, 

Buckley, after his appointment as state geologist of Missouri, began 
investigations of the quarrying industries, of materials for road construc- 
tion, and of the lead and zine deposits of the central district. In other 
lead and zine districts the work of W. 8S. Tangier Smith was continued. 

Adams made a field study of the relations of the Red Beds of Okla- 
homa to the Permian and Carboniferous series in Kansas. Taff made 
an areal survey of the Tahlequah and Salisaw districts, in Indian Terri- 
tory, and a reconnoissance of Arbuckle mountain and the Wichita uplift. 

In Kansas, Haworth made economic studies of petroleum, natural 
gas, and ores of lead and zine, and Williston worked in the field and 
laboratory on vertebrate paleontology. 

The Tertiary measures of Sioux county, Nebrask‘a, were explored for 
vertebrate remains by a party from the Carnegie Museum. 

In South Dakota, Darton and Todd continued the systematic and 
economic investigation of underground waters of Butte, Jerauld, and 
Sanborn counties, and Wieland and Granger searched for dinosaurian 
remains on the rim of the Black hills. Hovey worked on the geology 
of the Red Beds and Jura of the Black hills. Darton and Hall made 
areal surveys in North Dakota with special reference to the geology of 
artesian waters. 

Weed continued detailed investigations of the Butte and Marysville 
districts of Montana. Willis,in a reconnoissance along the international 
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boundary, examined the local structure and stratigraphy of the Rocky 
mountains. Winchell studied the problem of the age of the coal in the 
Great Falls region with special reference to its relation to that of the 
Little Belt region. Shaler worked on the general and structural geology 
of the Tobacco Root mountains. 

Knight studied the Newcastle oilfield of Wyoming and made a de- 
tailed investigation of the Laramie quadrangle with special reference to 
underground waters. Adams studied water supply problems in Laramie 
and Converse counties. ‘Two parties visited the state for the purpose of 
collecting vertebrate fossils, one operating at the north near Como lake, 
the other at the south in Albany county. 

Cross continued areal work in southwestern Cabsvalies Emmons re- 
visited the Leadville mining district and investigated recent develop- 
ments, and Adams studied geologic structure in Weld county with 
reference to artesian problems. Matthew and Brown made a collection 
of vertebrate fossils in the eastern part of the state, and a party from 
the Carnegie Museum successfully exploited the Jurassic formations 
near Canyon. 

In Texas, Phillips examined state lands west of the Pecos river with 
respect to their mineral value. Hill completed field work on the general 
geology of the Rio Grande region. The oilfields in the southeastern 
part of the state were studied by Phillips, Harris, Hayes, Adams, and 
Kennedy. Cragin continued laboratory studies on the Jurassic forma- 
tions. Gridley made a successful search for remains of Pliocene horses. 

In the southern part of New Mexico, Permian and Upper Carbonifer- 
ous strata and faunas were studied by Girty. 

Jaggar and Palache conducted an areal geologic survey and an inves- 
tigation of mineral deposits in Yavapai county, Arizona. Lindgren 
made a geologic and economic survey of the Clifton-Morenci mining 
district, and Ransome of the Globe mining district. Blake made a re- 
connoissance of the vicinity of the Rincon Mountain region with reference 
to the possible presence of petroleum, investigated the lacustrine forma- 
tions and diatomite deposits of San Pedro valley, and continued strati- 
graphic and structural studies in various mountain ranges. Walcott 
and Gilbert studied the Algonkian rocks of the Grand canyon of the 
Colorado. 

In western Utah, Gilbert studied the stratigraphy and structure of 
mountain ranges and the physiographic expression of faults. 

In connection with a reconnoissance survey of the international bound- 
ary, there was a study of the general geology of northern Idaho by 
Willis, and of northern Washington by Ransome and G..O. Smith, 
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Diller resumed the study of Crater lake, Oregon, and made a geologic 
reconnoissance in the Klamath mountains. 

Becker made detailed studies of ‘the Mother lode of California with 
special reference to the manner in which the gold was deposited. Lind- 
gren continued the study of auriferous gravel channels of the Sierra 
Nevada and attacked also certain physiographic problems. Merriam 
began the systematic collection of fossils from the gravels, and traversed 
Mesozoic areas at the north for the collection of fossils. Branner made 
an areal geologic survey of coastal ranges in San Mateo, Santa Cruz, and 
Santa Clara counties. Diller made local surveys in Shasta county and 
the Honey Lake region. Eldridge investigated the distribution and con- 
ditions of the occurrence of petroleum, and Hershey studied the geology 
and physiography of the Klamath mountains. 

In Alaska, Schrader studied the section along the 151st meridian from 
the Koyukuk river to the Arctic ocean. Mendenhall made a reconnois- 
sance from the Koyukuk to Kotzebue sound via the Koyuk river. Col- 
lier was engaged in areal mapping in the northwestern part of Seward 
peninsula. Brooks was engaged in areal mapping and a study of the 
ore deposits of the Ketchikan mining district. 

In Cuba, Hayes, Vaughan, and Spencer made a geologic reconnois- 
sance with special reference to a study of the economic resources of the 
island. 

Economic work.—In economic geology—that department of applied 
geology which pertains to minerals of recognized economic value—the 
year’s work shows also a wide range. Geologic problems in relation to 
the occurrence of coal were studied in various parts of Pennsylvania, in 
western Maryland, in northern Kentucky and in North Dakota. The 
problems of petroleum and natural gas received attention in Pennsyl- 
vania, Ohio, Michigan, Kansas, Wyoming, Texas, Louisiana, Arkansas, 
and California. Problems of the precious metals were investigated in 
Colorado, Montana, California, and Arizona ; of copper in Arizona, Mich- 
igan, and Wisconsin, and of lead and zine in Kansas and Missouri. The 
geology of iron was studied in Wisconsin and Minnesota; the geology of 
artesian waters in New Jersey, lowa, and North Dakota. Water resources 
for irrigation and power were investigated in the east from Maine to Ala- 
bama, in the central Mississippi River region, and in all the more westerly 
states and territories. Mineral waters received special attention in 
Indiana. Clays were studied from the economic standpoint in Mary- 
land, Lowa, Tennessee, Mississippi,and New Jersey. The relation of clays 
and other rocks to the cement industry in Ohio and Michigan was inves- 
tigated, and special investigations of materials available for road con- 
struction were made in Wisconsin and Missouri. 
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General researches.—Of more general researches, such as are not regu- 
larly classified by states, my list probably lacks much of completeness 
because many of them are not reported in the ordinary way. 

Cross, Iddings, Pirsson, and Washington continued joint investigations 
bearing directly on the systematic classification of igneous rocks. 

Van Hise continued a comprehensive study of the phenomena of 
metamorphism. 

Merrill extended his studies of meteorites in their bearing on the 
problems of the earth’s history. Much of the early work was crude and, 
in the light of today, unsatisfactory. With the refinements of modern 
chemical and petrographic methods, important results may be ex- 
pected, and detailed work on the structure and composition of these 
interesting bodies is being carried on under the direction of the United 
States National Museum. 

Lane is accumulating data on the grain of rocks as a funétion of posi- 
tion and composition, etcetera, and is extending his theoretical re- 
searches, especially of intrusives and of geothermal gradient. 

Reid is engaged in the study of glaciers, their structure, stratification, 
movements, and the variations in size which they undergo. He is also 
engaged in the study of seismologic phenomena occurring in the vicinity 
of Baltimore, Maryland. 

Shaler continued his studies of coast lines in general, with reference 
to recent changes in ocean level, and of the comparison of the lunar sur- 
face with that of the earth. 

Gulliver continued the study of shoreline forms. 

Davis completed a general study of the river terraces of New England. 

Chamberlin was occupied with somé of the broader and more funda- 
mental problems of the science, including the mode of origin of the earth 
in connection with the development of the solar system ; the origin and 
early constitution of the atmosphere and the ocean; the origin and 
early states of the earth’s growth, which is entirely distinct from the 
early conception of meteoroidal aggregation; the mode of evolution of 
the oceanic basins and continental platforms ; the original distribution 
and the secular change of distribution of internal heat and its function 
in the deformation of the earth; the autogenetic thermal conditions of 
the earth and their relation to early life, and the secular changes of 
land, sea, and atmosphere which constitute the basic features of histor- 
ical geology. 

Crosby completed a study of the Neponset Valley area of the Boston 
basin and investigated special problems in economic geology in various 
western states and in Canada. 

Becker and Day carried forward two physical investigations bearing 
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especially on metamorphism and the problems of the inner earth, the 
measurement of the linear force of crystallization, and the study of the 
general theory of elasticity. 


PALEONTOLOGIC WORK IN 1901 


Mention has already been made of purely local studies involving 
paleontology, but the greater part of paleontologic work is better adapted 
to stratigraphic or geologic classification than to geographic. 

Dall’s work pertained to the faunas of the Tertiary formation of Flor- 
ida and the Tertiary formation and faunas of the Pacific coast between 
San Francisco and Crescent City. 

Vaughan was occupied with studies of Tertiary faunas. 

Knowlton began the investigation of Upper Cretaceous strata in 
southern Colorado and their fossil plants. He also collected and studied 
plant remains from Tertiary beds of California, Oregon, and Wyoming, 
and from the auriferous gravels of California. 

Stanton continued a comprehensive work on the Lower Cretaceous 
faunas of the Texas region and began the study of the Cretaceous faunas 
of the Pacific coast. 

Whitfield described new species from the Jurassic of South Dakota 
and Wyoming and from various other localities and horizons. 

Wieland continued the monographic study of American fossil cycads. 

Ward studied the geology of the Little Colorado valley in Arizona 
and continued the preparation of a second paper on the status of the 
Mesozoic floras of the United States. 

Fontaine was engaged in studying Jurassic floras from Oregon, and 
also continued the study of the flora of the older Potomac formation. 

Ward and Clark coéperated in the study of the Potomac terrane and 
its life. 

White continued the stratigraphic and paleontologic study of data 
for the correlation of the lower terranes of the Coal Measures of the Ap- 
palachian region, and continued also a systematic work on the entire 
flora of the Coal Measures. ° 

Weller studied the Kinderhook fauna of the Mississippi valley. 

Girty worked on invertebrate fossils from Lower Carboniferous rocks 
in northern Pennsylvania and from Permian and Upper Carboniferous 
strata of southern New Mexico. 

Williams continued his special work on Devonian faunas. 

Clarke studied the origin of the invertebrate life of the Ithaca group, 
and made special investigation of the Guelph, Marcellus, and Hudson 
River faunas, 
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Beecher investigated Phyllocarida and Merostomata from Eodevonian 
strata. 

Wortman continued the study and description of Eocene mammalia 
of the Marsh collection. 

Osborn, besides continuing the preparation, study, and description of 
vertebrate fossils, gave much attention to the general correlation of 
American Tertiary and mammalian faunas with those of Europe. In 
conjunction with Matthew he also studied the American Tertiary faunas 
with reference to their geologic classification, and he was associated with 
Fraas in a study of the comparative age of American and European 
Jurassic vertebrate faunas. 


Hyatt has nearly completed a monograph on the Pseudoceratites of 


the Cretaceous and a monograph on the Endoceratide and their allies. 
He has also prepared a table of formule representing the ontogenies of 
the principal types of ammonoids forming the genetic stock from which 
Lytoceras was derived. 

J. P. Smith continued his work on the Triassic faunas of the Pacific 
coast. 

Matthew was engaged in restudying the Cambrian areas and faunas 
in Cape Breton. 

Hollick studied the later Tertiary floras of New Jersey and Maryland. 

Walcott continued the preparation of a monograph on Cambrian 
brachiopods. 

Scott was engaged in the exploration of portions of Patagonia and the 
collection of vertebrate remains. 

Dean completed a memoir describing new types of placoderms and 
discussing the systematic position of the Mylostoma. He also began a 
study of the primitive sharks of the American Devonian. 


GEOGRAPHIC SCOPE OF WORK IN 1901 


The geographic range of the various studies in geology and paleon- 
tology was practically coextensive with the continent. In the United 
States the enumeration made has noted local studies in nearly every 
state and territory. The tracing of geologic boundaries or the mapping 
of formations was carried on in at least twenty-eight of these political 
divisions, or considerably more than half. Stratigraphic studies included 
the measurement and description of sedimentary series, and usually the 
collection of fossils pertaining to formations, of every geologic period. 
Collections of fossils for paleontologic study, and especially for the study 
of faunas, were made from every rock system from Algonkian to Recent. 

How completely the field was occupied in petrography, dynamic geol- 
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ogy, and geomorphology is not easy to say, because so large a share of 
progress on those lines is incidental. Most rock collections and much 
petrographic description and study are incidental to general geologic 
work, and the contributions to petrographic science which thus accrue 
find no place in current notices of work in progress, but only in final 
publications. Nevertheless, the ideas which make for the development 
of petrographic science are largely suggested in the course of such acces- 
sory and routine work, and, if it were possible to chronicle the year’s 
progress in petrographic science, the increments made and recorded in 
connection with structural and areal geology would probably be found 
no less important than those made by the monographic study of series 
of rock specimens, and they would certainly have a wider range. The 
same is true in the whole range of dynamic geology. The students 
who go to the field or the laboratory for the purpose of solving specific 
problems as to the processes of terrestrial changes are comparatively 
few. The great body of workers in what may be called applied geol- 
ogy—the classification of local rock bodies according to existing catego- 
ries, their description, and their delineation in maps and sections—these 
men are contjnually on the alert for phenomena which throw light on 
the many unexplained factors: of geologic process, and it is mainly 
through their alertness that dynamic geology is advancing. 


THe PRESENT 


The outline which has been presented shows, approximately, the 
great variety of the geologic studies that are being prosecuted at the 
present time. A better conception of the extent and relations of these 
broadly outlined geologic studies would be afforded if it were practica- 
ble, in this connection, to state the problems which are known to geolo- 
gists of the present day. But it is certain that even the briefest state- 
ment of known problems would extend this address far beyond its 
reasonable limit. 

To illustrate: In a paper on the correlation of the Cambrian, pub- 
lished in 1891, was given an outline of the problems affecting our knowl- 
edge of the Cambrian series as a whole or in large part, and also many 
important local problems. It was recognized, however, that many of 
the local problems not given might, on investigation, be found to be of 
equal, if not greater, importance than many that were suggested. This 
brief outline of the Cambrian problems occupied 11 pages of printed 
matter. It will be readily seen that to extend such an outline to cover 
all the known problems of other time divisions would be an imprac- 
ticable task at this time. 
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The larger problems of stratigraphy, correlation, oscillations between 
land and sea, the migrations of faunas, lines of descent, parallel develop- 
ment, etcetera, are all awaiting the student. The extent of the land 
areas and the variations in character, thickness, and distribution of the 
marginal and deep-sea deposits are imperfectly known. Structural and 
dynamic problems of the most far-reaching importance are awaiting solu- 
tion. If the principle is accepted that the classification and delimitation 
of the divisions of the Paleozoic, Mesozoic, and Cenozoic eras must rest 
on the broad biologic characters of their included faunas and floras, and 
not on local breaks or differences of sedimentation, important problems 
remain as to where these lines of demarkation shall be drawn in most 
geologic provinces. 

In studying the problems connected with the occurrence of ore de- 
posits, the determination of their continuation in depth is of general in- 
terest. The terrestrial chemistry of ore deposits is one of the most im- 
portant problems and requires investigation in many regions. ‘The 
geologic conditions under which ores were originally deposited, whether 
they are all forms of concentration by aqueous solution or in part con- 
centration from eruptive magmas, are subjects for continued study. 

The field for research in physical geology is almost boundless, and 
so little has it been cultivated that the harvest will surely be abundant. 
Thus far geology has been pursued mainly by biologists, mineralogists, 
and stratigraphers. A few physicists have, indeed, applied their pro- 
fessional knowledge to the elucidation of the past and present condition 
of the earth and have reached results of first importance. Physicists, 
however, rarely have a sufficient acquaintance with geology to become 
deeply interested in the subject, while geologists seldom have a firm 
grasp of physics. A new school of geologists is needed, whose pre- 
paratory training should be mathematical and experimental physics, as 
that of a paleontologist is zoology. 

Physical geology begins with the primeval nebula and the genesis of 
the earth-moon binary system. The causes of the heterogeneity of the 
earth’s density evinced by the distribution of oceans and land masses 
and of the retardation of the earth’s rotation and its effect on the arrange- 
ment of continental outlines are yet unknown. The thermodynamic 
problems of upheaval and subsidence, and the questions of deformation, 
of compression, of plastic solids and of rupture as affecting mechanics 
of orogeny, must be established. The effects of changes of climate in 
geologic time, the causes of glacial epochs, voleanic phenomena, the 
physics and chemistry of high temperatures, and many other problems 
of geologic physics have yet to be determined. The solution of these 
problems must fundamentally affect the science of geology. 
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In the early stages of American paleontology it was necessary that 
the fossils should be given names, and at the beginning of the present 
century we are more or less acquainted with many thousand forms. 
This great wealth of known forms will be very materially increased by 
future collections and studies; yet, with this great mass of material to 
be described, along with a reworking of many known forms, the pale- 
ontologist of the next decades will busy himself rather with the broad 
problems of stratigraphy, correlation, geographic distribution of fossils, 
relations of movements of*uplift and subsidence, etcetera. 

All our text-books refer to the historical formations as if they were so 
many clean-cut superposed time elements, but, speaking broadly, this 
indicates that we do not know the transition faunas. In these problems, 
and there are nearly as many as there are formations, local investigators 
will do their best work, since no great collections or libraries are neces- 
sary for the working out of local faunas. The fossils need to be col- 
lected in abundance, and the material from one zone and locality care- 
fully kept together. The new species need to be carefully described and 
accurately figured and the type specimens deposited in one of the large 
central museums of paleontology, since in these centers of research the 
final sifting takes place. In this connection the large centers of re- 
search can cooperate with thie local workers by advice, loan of material, 
and access to collections. In every geologic provincea great field awaits 
the local institution, and no class of fossils can be neglected. One of the 
great omissions in paleontology has been the general neglect to gather 
the microscopic fossils like the Ostracoda, small Bryozoa, Foraminifera, 
and the young of Brachiopoda and Mollusca. 

With the working out of the local faunas the solution of the intricate 
problems of time correlation will be possible, and we shall also be certain 
of the duration of species in time. With the species thus limited and 
restricted, lines of migration will become apparent, and in evolution our 
phylogenetic classification will have more certainty on account of the 
ascertained chronogenesis. 

The investigations of the paleontologist have materially increased the 
subject-matter of the two biologic sciences, zoology and botany, and have 
anticipated them by many important histologic discoveries. The con- 
nection of paleontology with geology is even more intimate. Only by 
a study of their included faunas can the chronologic succession of clastic 
rocks be determined in many cases. In the main, paleontology is the 
ultimate foundation of historical geology. 

The problems of structural geology may be said to be comprised in 
the relations of rock masses, the mechanics of movements involved in 
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bringing the rocks from some original position into those which they 
now occupy, and the study of the effective forces. 

New lines of theory to account for oceanic basins and continental 
plateaus, for thalassic deeps and mountain ranges, for rock folding, 
igneous intrusions, and vulcanism are opening before the student. 
From the conception of a heterogeneous earth comes the idea of isostasy, 
which, in its largest statement, is the theory that heavier masses beneath 
ocean basins are in balance with lighter masses under continents. The 
facts of folding are now understood to be of very superficial character 
considered relatively to the earth’s radius, and any particular anticlinal 
or synclinal structure may be studied as a simple problem in mechanics 
involving certain materials, loads, and stresses. The sequence of sedi- 
ments in any marine basin is the record of changing physical conditions 
along the shores and on the adjacent land. The development of a shore 
from youth to age, the growth of coastal plains, and the general topo- 
graphic phases which passed on the adjacent lands are to be read in the 
rocks. Through such keys we shall decipher the history of the physical 
geography of the earth and the succession of mountain growths, and we 
shall approach the greater problem of continental growth. 

Structural studies are now pursued with a better understanding of 
the mechanics of mountain growth, and through physiography and stra- 
tigraphy the history of deformation, past and present, may be made out. 
The science of structural geology may be said to be in its youth, with a 
future of great promise before it. 

In the interaction between applied geology and pure geologic science 
lies the charm and the recompense of every-day routine geologic work. 
For the sake of future generalizations and for the sake of indicating the 
distribution of formations having economic value, the geologist performs 
a great deal of routine labor—observing phenomena of familiar kinds, 
grouping them in well known categories, and making a record for future 
use, chiefly by others. He describes rock masses, with measurements 


-of thickness, extent, and dip. He sorts rock specimens, giving to the 


familiar familiar names and describing the characters of the novel. He 
sorts collections .of fossils, recognizing species already known and de- 
scribing such as are new. In performing these various duties he uses 
well established methods, and merely applies to new material the known 
principles of the science. Such work is necessarily monotonous, and 
the active mind would soon lose interest and its operation become per- 
functory were it not for the possibility of discovering new principles, 
But ever and anon a fact is found for which the science has provided no 
pigeon-hole—a phenomenon which is not explained by any known 
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principle—and thus a problem is presented which it is the delight of the 
investigator to attack. Geologic science, or the body of geologic princi- 
ples, makes applied geology, or geologic art, possible, and reciprocally 
the practice of geologic art opens the way to progress in geologic science. 


THe Furure 


The preceding portions of the address have served to show the present 
condition of professional geologic work in the United States; that is, 
they give some suggestion of the quantity of work and indicate more 
fully its range in several respects. They show that geology, although 
affording occupation to a somewhat limited number of persons, is never- 
theless a well established profession—a profession which flourishes in so 
many places and under such a variety of conditions that it may be 
assumed to have altogether passed the ex perimental stage. If its recent 
history were reviewed in connection with its present status, its develop- 
ment as a profession would be seen to have fully kept pace not only 
with population but with the general development of culture factors. 
There is no reason to doubt that its expansion will continue. 

The areal work and other labors constituting the geologic survey of 
the country are but begun, and the task would require decades for its 
completion if no change were made either in the scope of the work or in 
the size of the working force; and this work is regarded as fundamental 
not only to scientific generalizations but to the intelligent guidance of 
economic enterprises. But experience warrants the prediction that the 
standards of the future will be progressively higher and higher, and that 
the scope of routine investigations will become broader. As geologic 
science progresses, and as new uses are discovered for mineral resources, 
it will become necessary to increase the number of classes of facts to be 
covered by areal surveys. In the field of pure science there is even less 
suggestion of the approaching completion of the work. Every investi- 
gation undertaken to solve some geologic problem, whether it prove suc- 
cessful or not, is sure to develop other problems, and the geologic 
Alexander will never lack worlds to conquer. This is a law of growth 
for every science and is merely an expression of the infinite complexity 


of nature. 

It is impossible to forecast the problems of the future. When in- 
vestigators are questioned they respond only with the problems of the 
present, but the problems of the present were equally unknown to an 
earlier generation. Suffice it to say that the work to be done in the 
field of geologic science is no less assured and no less important than 
the work in applied geology and in economic geology. Geology, as is 
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so well stated by Sollas,* is in its evolutional stage, having passed 
through the catastrophic and uniformitarian phases of development. 
In becoming evolutional— 


“* Not merely the earth’s crust, but the whole of earth-knowledge is the subject 
of our research. To know all that can be known about our planet, this, and nothing 
less than this, is its aim and scope. From the morphological side geology in- 
quires, not only into the existing form and structure of the earth, but also into 
the series of successive morphological states through which it has passed in a long 
and changeful development. Our science inquires also into the distribution of the 
earth in time and space. On the physiological side it studies the movements and 
activities of our planet; and, not content with all this, itextends its researches into 
zetiology and endeavors to arrive at a science of causation. In these pursuits 
geology calls all the other sciences to her aid. In our commonwealth there are no 
outlanders ; if an eminent physicist enters our territory we do not begin at once 
to prepare for war, because the very fact of his undertaking a geological inquiry 
of itself confers upon him all the duties and privileges of citizenship. A physicist 
studying geology is by definition a geologist.” 


The question whether the geologist of the future can make his profes- 
sion support him finds its answer equally in the interpretation of the 
history of the past. The support of the geologist depends on public ap- 
preciation of the value of his services. The growth of that appreciation 
is shown not only by the growing demand for researches in economic 
geology, but by the increasing willingness of legislatures and men of 
wealth to endow researches having for their immediate end only the 
acquisition of knowledge. It is more and more understood by men 
whose ability puts them in positions of responsibility that material 
progress depends, in the ultimate analysis, on the growth of knowledge, 
and from this increasing confidence in the ultimate utility of pure 
science research is reaping a generous harvest of endowment. 

As we look back over the field of geologic work of the last century 
the retrospect may lead the young geologist to think that the great 
problems have been largely solved, that the future offers only the routine 
of areal work and local problems. That was my thought concerning 
the region east of the Mississippi in 1870, when reading the works of 
James Hall, the Rogers Brothers, Dana, and others. Once well into 
active work, however, I found that new and broad problems were open- 
ing up in the field I had chosen, the pre-Silurian sedimentary rocks, 
which I then thought to be limited as compared with those of the later 
geologic periods. Question after question, both local and continental, 
has come up for investigation. Most of them are still unsolved, and 
their study will bring a host of others that will line up before the mind 


* W. J. Sollas, Evolutional Geology, N 


ature, vol. 62, 1900. 
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of the student like the aisles of pines in the forests of the Sierras—some 
small and dwarfed, others strong and attractive, that are nearby, and 
farther away the less defined but silent mass that awaits his coming. 
We are only on the threshold of the golden era of geologic develop- 
ment in America. 

We older men are still endeavoring to do our part, but in a few years 
all the work will be turned over to the young men of today. Some 
persons here will look back from 1950 as we look back to 1850. There 
has been an advance since we began—20 to 40 years ago—and we have 
full faith that it-will be sustained as generation after generation of geol- 
ogists carry the grand work forward throughout the twentieth century. 

In closing I wish to say a word about the training of the men who 
will probably reap the largest results from the great opportunities in 
geology that will be offered during the century. The practical economic 
geologist will undoubtedly receive the largest financial returns, but in 
this field the man with the broadest, most thorough training will win 
out as competition becomes more and more active. In the more purely 
scientific lines a broad, general culture should be the groundwork for the 
special geologic training. A few months of business training will be 
almost invaluable to any student who aspires to be more than a directed 
assistant throughout his career. Business method and habit must un- 
derlie all successful administrative work, whether it be of a small party 
or of a great survey. It is needless to say that, as in modern business 
life so in science, character of the highest standard is essential to per- 
manent success. The outlook of the well balanced, well trained student 
in geology in America is most encouraging—far more so than when I be- 
gan work with an honored leader, James Hall, a quarter of a century ago. 
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GEOLOGICAL HORIZON OF THE KANAWHA BLACK FLINT 
BY I. C. WHITE 
(Read before the Society December 31, 1901) 
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Characteristics of the Upper Freeport 


Resutts oF Rogers’ INVESTIGATIONS 


To one of the nestors of American geology, the immortal William B. 
Rogers, we owe the first description of the Kanawha black flint of West 
Virginia. In his “ Fourth Annual Report of Progress ” of the Geological 
Survey of Virginia for the year 1839 he gives such a full and minute 
description of this remarkable stratum that little has been added by any 
subsequent observer. He did not define its exact place in the strati- 
graphic column, but by making it the dividing line between what he 
called his “ Upper and Lower Coal Series,” there can be very little doubt 
that he correctly divined its proper horizon. 


VALUE OF THE Fiint as A Key Rock 


Unique in physical aspect, easily discerned, and almost constantly 
present in the section, it constitutes a most valuable key rock in the 
greatly thickened deposits of the region. Hence with proper care on 
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the part of the observer in keeping hold of the other members of the 
section below, as well as above this flint stratum, it readily leads to 
correct and accurate knowledge concerning the stratigraphic horizons of 
the principal Kanawha coal beds. For this reason it becomes a very 
important matter that such a conspicuous and valuable member of the 
Coal Measures should have its exact place in the géologic column de- 
termined beyond question. 


RESULTS. OF THE FIRST INVESTIGATIONS BY THE WRITER 


In 1884 the writer spent several months in the study of the Kanawha 
Coal Measures, collecting data for Bulletin No. 65 of the U. S. Geological 
Survey. In this work every stratum in the series from the Pittsburg 
coal near Charleston down to this black flint, as well as below it through 
the Pottsville series, was passed in review many times. As the result 
of this field study, the conclusion was reached that the Kanawha black 
flint marked a zone just above the Upper Freeport coal of the Allegheny 
formation, and I so published and described it in 1885 in volume VI of 
“The Virginias.” This conclusion was deduced from purely strati- 
graphic evidence, based on a wide comparative study of the entire coal 
series of western Pennsylvania, northern West Virginia, eastern and 
southern Ohio, and the adjoining regions of Kentucky. 


INVESTIGATIONS BY CAMPBELL AND MENDENHALL 


In 1895 Messrs M. R. Campbell and W. C.! Mendenhall, of the U. 8. 
Geological Survey, undertook the task of classifying the Coal Measures 
on the New and Kanawha rivers. Their report was published in the 
Seventeenth Annual Report (part II, pages 479-511) of the U.S. Geo- 
logical Survey. It contains many beautiful pictures, some observations 
on physiography, baselevels, and peneplains and some remarkable 
errors, but no detailed sections. Their net result in stratigraphy was 
to confirm in a general way what the writer had done ten years pre- 
viously, and although dissenting from some of his identifications, they 
furnished no evidence against them. When they came to the problem 
of identifying and classifying the Kanawha series anew, they frankly 
gave it up in these words: 


“*Stratigraphically they can not be accurately subdivided without an amount of 
detailed work altogether out of proportion to the value of the results obtained.” * 


The writer will agree that it required an immense amount of detailed 


* Page 499, loc. cit. 
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work to solve the Kanawha problems, and this work he performed in 
1884. 


INVESTIGATIONS BY Davip WHITE 


After this complete surrender by Messrs Campbell and Mendenhall, 
they evidently turned the puzzle which proved too thorny for them over 
to Dr David White, the eminent palzeobotanist of the National Museum 
and of the U. S. Geological Survey, who at the Washington meeting of 
our Society in 1899 read his paper, * Relative ages of the Kanawha and 
Allegheny series as indicated by the fossil plants,” * in which the prob- 
lem of the black flint and of the Kanawha coals was attacked with the 
aid of paleobotany alone. His conclusions are in entire disagreement 
with mine. The stratigrapher and palwobotanist, each striving to dis- 
cover the truth, have attained results diametrically opposed. David 
White places the black flint near the base of the Allegheny formation. 
The writer places it just above the top of the same. Hence the dis- 
agreement is vital, and one conclusion or the other is completely in 
error. It is a self-evident corollary that one or the other of us should 
revise his published statements, since it is not creditable to our science 
that its votaries attacking the same problem by two different paths 
should find themselves so widely apart in their conclusions that one 
of them has evidently missed the road entirely. 

Concerning one of these warriors in behalf of science, I will gladly 
testify that he is brave, untiring, and honest, but in this case not suffi- 
ciently vigilant; since he was invading a new country characterized by 
exceptional conditions and environment (rapid subsidence and greatly 
thickened deposits), with which his old and trusty guides (fossil plants) 
were unfamiliar, and hence they piloted their general in the wrong direc- 
tion—into confusion instead of order, into error instead of truth. 

I do not call into question any of Dr David White’s facts or plant iden- 
tifications, for his skill and knowledge in palzeobotany are beyond criti- 
cism, but only the interpretation of his facts in dealing with the problems 


of stratigraphy. 


Recent INVESTIGATIONS BY THE WRITER 
METHOD EMPLOYED AND AREA COVERED 


As already stated, my original conclusions concerning the place of the 
black flint were founded on the complete harmony of the stratigraphic 
column with the widely studied series in Pennsylvania, Ohio, Kentucky, 


*Published in Bulletin of the Geological Society of America, vol. xi, pages 145-178, 
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and other portions of West Virginia, and not on the tracing of any par- 
ticular coal bed or any other one member of the Allegheny formation 
across West Virginia from Pennsylvania to the Kanawharegion. During 
the present year I have attacked the problem in question by direct trac- 
ing of the Upper Freeport coal and its'associated strata from the Penn- 
sylvania line along their eastern outcrops across to the Kanawha valley. 
In this I was entirely successful, and the result is a complete confirma- 
tion of my original conclusion with reference to the horizon of the Upper 
Freeport coal on the Great Kanawha, namely, that it is the first one 
below the black flint stratum, and hence this latter member belongs near 
the base of the Conemaugh formation, or just above the top of the Allegheny, 
where my studies in 1884 first placed it, instead of near the base of the 
Allegheny, to which position Dr David White has assigned it on the basis 
of fossil plants. 


CHARACTERISTICS OF THE UPPER FREEPORT COAL 


In this direct tracing the following elements enabled me to keep hold 
of the Upper Freeport coal : 

First. The facies of the bed itself. It is always a multiple seam, with 
two or more divisions of slate or bone, the whole being characteristic to 
one who has learned to know a coal bed as one learns to recognize an 
individual from his physiognomy. This is an acquired faculty, and 
some people may reside on the Coal Measures all their lives and never 
attain it, just as some persons have difficulty in remembering human 
faces. 

Second. The Mahoning sandstone series as a whole, which is easily 
followed from hill to hill in the topographic features it makes, even 
without recourse to its detailed lithologic structure, in which it possesses 
a peculiarity of its own very marked to the practiced eye. 

Third. The Mahoning coal, a rather persistent member of the Cone- 
maugh, occurring between the two members of the Mahoning sandstone 
at an interval above the Upper Freeport, varying from 40 to 80 feet. 

Fourth. The Masontown coal, coming 10 to 20 feet above the top of 
the Upper Mahoning sandstone, its roof shales very rich in fossil animal 
remains at the north and in fossil plants at the south, and the coal itself 
always bright and pure, whether 1 foot or 4 feet in thickness, and nearly 
always present in the series at an interval of 120 to 200 feet above the 
Upper Freeport. 

Fifth. A characteristic sandstone, 30 to 50 feet thick, overlying the 
Masontown coal and capping the highest summits along the outcrop of 
the Mahoning sandstone. 

Sixth. The great “ red bed horizon,” which makes its appearance im- 
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mediately above the sandstone group and extends in a bright red band, 
as plain as a chalk mark on the floor, clear across the state, as well as 
through Pennsylvania, Ohio, and Kentucky, thus making a complete 
circle of red deposits, occupying always the same relative position in 
the center of the Conemaugh, midway between two important coal beds, 
the Pittsburg and Upper Freeport. In this red shale belt there also 
occurs an important fossiliferous limestone horizon, the “ green crinoidal 
limestone ” of the Pennsylvania series, which has been traced from cen- 
tral West Virginia northward to the Pennsylvania line and through 
southwestern Pennsylvania into Ohio and across that state without a 
break to where it reénters West Virginia again at Huntington. In addi- 
tion to this, the oil-drillers have traced this red horizon underground 
across the state, since it caves readily and gives them much trouble. 
They term it the “ Big red cave,” and never fail to find it at the proper 
geological level. 


STRATIGRAPHIC RELATIONS OF THE FLINT 


Hence with all of this evidence from stratigraphy, there can remain 
no doubt as to the place of this flint at the base of the Conemaugh, and 
that the Allegheny series of Pennsylvania and northern West Virginia 
must be found below it in the Kanawha region instead of above, as con- 
cluded by Dr David White from his study of the fossil plants. 


ANALYsis OF Davip Wuitr’s CoNncLusions 


In the paper referred to, David White concludes that most of the 
Kanawha coals below this black flint are older than the Allegheny coals 
and intermediate between them and the Pottsville series, and that hence 
my correlations of them with the several members of the Allegheny 
must be completely erroneous. 

In order to sustain this conclusion Dr David White was compelled to 
find a place for the Allegheny coals somewhere, so he cut off the lower 
half of the Conemaugh and said, here they are. It is not my intention 
to deal with the question of the equivalency of the Allegheny and Kana- 
wha coals in the present paper, since this whole subject will be treated in 
detail in my forthcoming report on the coals of West Virginia now in 
preparation, and to be published during 1902 as volume II of the West 
Virginia Geological Survey, but it is proper here to show the inherent 
improbability of David White’s conclusions with reference to this branch 
of the subject. 

He will agree with me that the Lower Carboniferous beds, the Green- 
brier limestone, and Mauch Chunk red shale thicken from 800 feet at 
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the northern line of the state to more than 2,500 feet on the Kanawha 
and New rivers; that the Pottsville conglomerate thickens from 450 feet 
to 1,400 feet in the same distance. He also agrees with me that the Alle- 
gheny series is 300 feet thick at the north, and that the Kanawha series 
is over 1,000 feet thick at the south. Why should the expansion of these 
sediments cease with the deposition of the Pottsville? Is it not more 
logical, aside from any evidence, to expect this thickening to affect the 
other formations above the Pottsville? In other words, that the 300 feet 
of Allegheny sediments and six coals at the north should merge into the 
1,000 feet of similar sediments and the same number of coals at the south- 
west. Why should the analogy be interrupted and the Allegheny sedi- 
ments shrivel up 150 feet when it is admitted that everything else below 
them has expanded more than threefold? Why should the Conemaugh 
decrease 200 feet in this direction instead of increasing by that amount, 
as my Charleston section shows on page 85 of Bulletin No. 65 of the 
United States Geological Survey? In this section there is given a meas- 
urement from the Pittsburg coal down to and including the black flint. 
This interval is practically a vertical measurement, since the Pittsburg 
coal is found in the summits of the hills only 2 miles north from Charles- 
ton, and the black flint passes below water level within the city limits. 
With due allowance for northward rise of the strata, the section foots up 
only 800 feet. The Conemaugh formation is seldom less than 600 feet in 
thickness at the northern line of the state, and frequently 650 to 700, and 
yet if we accept David White’s correlation of the black flint as represent- 
ing the Ferriferous limestone near the base of the Allegheny formation we 
are forced to believe that this 800 feet of strata at Charleston contains not 
only all of the Conemaugh, but also nearly all of the Allegheny, or, in other 
words, that in passing from the northern line of the state to the Kana- 
wha, while the three other formations (Greenbrier, Mauch Chunk, Potts- 
ville) have each thickened up three or four fold, and an intermediate for- 
mation (Kanawha) has thickened from 0 to 1,000 feet, the Conemaugh 
and Allegheny, which have a combined thickness of 900 to 1,000 feet 
even at the northern line of the state, have shriveled up to only 800 at 
Charleston. The mere statement of such a proposition is sufficient to 
raise very serious doubts of its truth, as well as to show the stratigraphic 
fallacies involved in Dr David White’s conclusions from the standpoint 
of sedimentation alone. 

But as my field studies on the question of tracing the coals below the 
Upper Freeport, southwestward from the Pennsylvania line to the 
. Kanawha region, are not yet complete, I shall postpone the considera- 
tion of their equivalency in the two sections until another time. 

The Masontown coal of the Conemaugh formation has proven a very 


‘ 
i 


ANALYSIS OF DAVID WHITE’S CONCLUSIONS 125 


persistent member. Although frequently only 18 to 24 inches thick, it 
retains its characteristics as a bright, clean coal, and will furnish much 
fuel in commercial quantity between the northern line of the state and 
the Great Kanawha river. 

It is mined frequently in Preston, Barbour, and Upshur counties by 
the farmers, and is always preferred by them to the Upper Freeport 
below. 

In the vicinity of Sutton, Braxton county, this coal has long been 
mined and has furnished the principal fuel supply for the town, al- 
though only 24 feet thick. 

Through Webster and Clay counties it appears to be universally present 
at the proper geological horizon, and frequent openings have been made 
on it by the farmers. 

At Clay Court House it comes just above the great cliffs of Mahoning 
sandstone, at about 375 feet above Elk river, and is between 2 and 3 feet 
in thickness, though a few miles below, on the lands of Mr Thompson, 
it has thickened up to 40 inches. 

At Queen Shoals, near the Clay-Kanawha county line, on Elk river, 
this coal is mined on a commercial scale and shipped by rail to western 
markets. It is so highly prized that orders for it cannot all be filled. 
It lies here about 175 feet above the black flint which in emerging from 
the bed of Elk river makes the ‘ shoals.” 

The same coal is mined near Clendennin, and also at the Graham and 
Mason mines, in Kanawha county, and is the horizon from which Dr 
David White obtained the plants listed on pages 170, 171, etcetera, loc. cit. 

At North Coalburg, on the Kanawha river, this coal is termed the 
“ Big bed,” and is extensively mined. Its interval there is 175 feet above 
the black flint by accurate measurement, according to the levels of Mr 
C. C. Lewis, of Charleston, West Virginia. 

This Masontown Coal horizon is unquestionably in the Conemaugh 
formation, entirely above the Mahoning Sandstone group, and yet on 
pages 172-173, loc. cit., its flora is referred by Dr David White to the 
Kittanning horizon, while the flora of the same coal at Clay Court House 
is referred to the Freeport group. It is needless to say that such results 
discredit the use of fossil plants for refined stratigraphical determinations, 
and must continue so to do until the coal flora and its geographical di- 
versity are more completely known. 


STRATIGRAPHIC COROLLARIES 


In concluding this discussion the following important corollaries 
should be noted by every geologist interested in problems of stratig- 
raphy: 
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1. Some individual coal beds, limestones, and sandstones can be fol- 
lowed and identified for hundreds of miles, in the Appalachian basin 
at least, and hence the doctrine that no coal bed can be certainly iden- 
tified by stratigraphic methods beyond the limits of a small, circum- 
scribed area is both erroneous and mischievous, leading to confusion 
and useless duplication in nomenclature instead of to order and sim- 
plicity. 

2. When stratigraphy and paleobotany disagree, the latter must 
yield, since the few fossil plants we know can be only a tithe of those 
which must have existed, and hence we cannot reason with absolute 
safety upon such incomplete data. 

3. Until we can know the Coal Measure flora more fully, and can 
work out its geographic distribution with more accuracy than is now 
possible, it must prove an uncertain and misleading guide to the corre- 
lation of distinct coal seams and horizons when widely separated, unless 
checked and controlled by stratigraphy. In other words, owing to the 
imperfection of our knowledge, paleeobotany should be used only as an 
aid in supplementing the work of stratigraphy when we come to the 
detailed identification of individual coal seams or even groups of these 


beds. 
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INTRODUCTION 


In the third edition of Professor Geikie’s “ Great Ice Age,” published 
in 1894, he expresses the opinion, on page 699, that the materials of the 
loess in Asia “ are largely of fluvio-glacial origin, and represent in great 
measure the flood loams swept down from the mountains and plateaus 
when they supported vast snow fields and glaciers;” and, in accord- 
ance with this theory, extensive areas in eastern Mongolia, in Trans- 
baikalia, and in central Turkestan are marked on his glacial map of 
Asia as having been covered with ice during the Glacial period. My 
recent trip across Asia, in company with Frederick B. Wright, was largely 
directed by the desire to obtain more definite evidence on this point than 
could be found in any published reports. We accordingly went to 
Peking, and from there traveled on muleback 150 miles directly west 
to Kalgan, thus crossing a typical portion of the loess-covered area in 
northern China. From Kalgan, which lies at the base of the eastern 
mountain border of the Mongolian plateau, which is here about 5,000 
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feet above the sea, we ascended, along the line of the caravan route, to 
the summit at Hanoor, from which point we struck off northward, fol- 
lowing the edge of the plateau for a distance of 30 or 40 miles, where we 
turned eastward, and after crossing two successive mountain ranges came 
out at Shiwantse, and thence returned to Kalgan, and from there by a 
somewhat different route to Peking, making in all a journey of about 


Fievre 1.—Route traveled 


Shaded portion indicates the approximate area in northeastern Asia supposed to have been 
recently submerged 


450 miles. The portion of it from Kalgan around the Mongolian border 
to our starting point took us over a region where the glaciers, to account 
for the loess of China, must have existed, if the loess were indeed of 
glacial origin. ‘The object of this paper can best be accomplished by a 
somewhat detailed statement of the observations made on the most 
typical localities in this part of our journey. 

But, as preliminary to this detailed statement, it will be profitable to 
present in brief a few general facts bearing on the subject. 


PRESENT ACTIVITY OF EROSIVE AGENCIES 


All the rivers of northern China are densely loaded with sediment de- 
rived from the loess-covered areas through which they pass in the upper 
portion of their courses. In this respect they much resemble the Mis- 
souri. The vast plain of the Hoangho, in northeastern China, consists 
essentially of this sediment, which has been deposited gradually by the 
river. The river in the lower part of its course now occupies a channel 
raised considerably above the great mass of the plain, which stretches 
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away on either side. It is owing to this position of the river that peri- 
odical floods so often devastate the interior, and that the mouth of the 
Hoangho is subject to such variation. The river now empties into the 
gulf of Pechili, about 150 miles south of Tientsin, but not long ago it 
wandered over the southern plain and joined the Yangtsekiang 150 miles 
above Shanghai, 400 miles south of its present outlet. On the other 
hand, at the present time, during extreme floods, portions of the water 
turn off to the north, near Kaifun, and, after a course of 350 miles, join 
the Peiho at Tientsin. Indeed, this most fertile portion of the Chinese 
Empire is a broad delta of modified loess deposited by the Hoangho, its 
base extending from Tientsin to Shanghai, a distance of 600 miles, and 
its apex having a breadth of about 300 miles. 

A general impression of the rapidity with which the denudation of the 
loess is proceeding may be formed by noticing the extent of dense muddy 
water which borders the whole Chinese shore of the Yellow sea. When 
40 miles out from Shanghai, the traveler encounters a sharply cut line, 
which can be distinctly seen for a long distance in either direction, sepa- 
rating the clear water of the ocean from the turbid, opaque, silt-laden 
water brought down by the great Chinest rivers. It is thus evident that 
deposition of loess is now taking place with great rapidity all along the 
Chinese side of the Yellow sea. 

This is further shown by the extensive shoals and sand banks which 
extend from Shanghai nearly to the Shantung peninsula. They mark 
an extension of the combined delta of the Hoangho and of the Yangtse- 
kiang, as the former has from time to time turned its flood in that diree- 
tion; but the historical record of the growth-of land on the gulf of 
Pechili is still more convincing of the activity ofthis transporting in- 
fluence. Pao-to, on the Peiho river, was near the shore 200 B. C. It is 
now 40 miles inland. As Jate as 500 A. D. the sea was 18 miles nearer 
Tientsin than it is at the present time, while the increasing difficulty ex- 
perienced by ships in approaching the harbor of Taku, at the mouth of 
the Peiho, is confirmatory evidence of the rapidity of this sedimentation. 
The records show that all along the shore of the gulf of Pechili the land 
for the last 2,000 years has been gaining on the sea at the rate of about 
100 feet per annum. These facts need to be borne in mind when con- 
sidering the date of the period of the accumulation of the loess over the 
interior region penetrated by these Chinese rivers. 


Logss ON THE BoRDER OF THE PLAIN OF PEKING 


Peking is situated near the northeastern extremity of that broad belt 
of modified loess stretching out on either side from the Hoangho which 
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we have been describing, and is about 30 miles from the base of the 
bordering mountains, which limit the plain on the northwest, and about 
80 miles inland from the sea. From near the border of the mountains 
to the sea through Peking the slope of the surface is pretty uniform, 
averaging about 6 feet to the mile, so that the surface of the loess at the 
entrance to the pass at Nankau is about 600 feet above tide. The slope 
from Peking to Nankau, however, is considerably greater than it is on 
the other side toward the sea. Issuing from the pass at Nankau, a very 
distinct delta extends out on the plain for a distance of between 5 and 
6 miles. This delta consists of a rather confused intermingling of loess 
with sand and gravel and occasional fragments of rock a foot or two in 
diameter. This coarser material occurs near the surface as much as 
4 miles outside the mouth of the gorge, the surface sloping to that dis- 
tance in a direct line at the rate of 50 feet a mile, making 200 feet in the 
first 4 miles; but on the southwest side the descent is abrupt, leaving a 
long low plain several miles wide between the delta and the mountains 
in that direction. 

On the contrary, on the northeastern side the deposits of loess, at 
nearly the same level with the head of the delta, stretch for many miles 
along the base of the mountains toward the Ming tombs. In many 
places here we passed between perpendicular sections of loess 15 to 20 
feet in height. They were especially prominent in the vicinity of a 
small stream coming down from the mountains about half way between 
Nankau pass and the Ming tombs, a distance of about 10 miles; but the 
larger stream coming down from the mountains into the amphitheater 
around which the Ming tombs are built has worn a broad deep channel 
in the sedimentary deposits, and occupies a bed 50 or more feet below 
the general level. This bed is thickly strewn with boulders several miles 
away from the base of the mountain. The portion of one of these 
boulders projecting out of the ground measured 9 by 6 by 3 feet. 

From the situation of these deposits, it would seem pretty clear that 
they sustain a definite relation to the comparatively small streams com- 
ing down into the plain from the mountains to the northwest. Of these 
the Bishaho, which comes through Nankau pass, is the largest. But it 
seems difficult to resist the conclusion that at the time of the deposit of 
the deltas waterlevel was met at the base of the mountains at the eleva- 
tion of 600 feet, which is that of the head of the delta spreading out from 
the Nankau pass. It seems also clear that at the time of the main depo- 
sition the material to which the stream had access was much more abun- 
dant than it is now, for at the present time all these streams are rapidly 
eroding material at these higher levels and transporting it to lower levels. 
The Bishaho, having completely abandoned the line of its old delta, now 
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Figure 1.—Sourn Sipe or Loess Devra, Nankau Pass, Cuina 
Loess contains many stones and beds of gravel 

Ficure 2.--Lorss near KALGAN 
It is about forty feet high and contains pockets of gravel 4 
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turns off to the south, to meander along the low plain intervening be- 
tween it and the mountains in that direction, at a level 200 feet lower 
than its former bed. 


LOESS WEST OF THE FIRST Mountain RANGE 


On crossing the first low range of mountains, which in this vicinity are 
nowhere more than 3,000 feet in height, but rise south of the Hunho to 
a height of 6,000 or 7,000 feet, we come into a valley from 15 to 20 miles 
in width and extending 60 or 70 miles in an east-and-west direction, 
through which tributaries of the Hunho reach the main river on either 
side from opposite directions. At an elevation of 40 or 50 feet above the 
flood-plain of the northern tributary numerous fresh-water shells are 
found, indicating an expansion of still water over a considerable area. 
For a distance of 30 miles from Huilasen to Chiming the road follows 
near the base of the mountains which border the west side of this plain. 
No streams of any great length come down from that direction, but all of 
them, short as they are, are marked in front of their mouths by extensive 
fans or cones of dejection, there being much coarse material in the direct 
axes of these cones, or deltas as they might be called, shading off into 
deep deposits of loess on either side, so that the road leads regularly 
across deep deposits of loess which often stand in walls with perpendic- 
ular faces from 20 to 20 feet in height along the road, alternating with 
lines of coarse gravel and river pebbles standing at somewhat higher 
level. Here, again, it would seem difficult to explain the extension of 
these delta-like deposits into the plain, except on the theory that the 
material was originally brought by the streams into a body of standing 
water, which determined the order of the deposition. Certainly, at the 
present time the loess is undergoing rapid erosion and is everywhere 
being rapidly swept down to lower levels. 


Lorss WEST OF THE SECOND Mountain RANGE 


From Chiming the road leads up the Hunho river through a remark- 
able gorge which penetrates the second range of mountains, leading after 
a few miles into another broad valley which stretches out its arms in a 
northeast and southwest direction between the low mountain chain and 
the parallel border of the Mongolian plateau. This is imperfectly drained 
by the upper tributaries of the Yangho, one of the main branches of the 
Hunho. This is not, however, a continuous plain, since the surface is 
often broken by rocky protuberances of considerable extent. There is, 
however, a pretty well marked border of the plateau all along the western 
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side, next to the Mongolian escarpment, consisting for the most part of 
basaltic rocks belonging to a comparatively recent (probably Tertiary) 
eruption. For a great extent all over this region the loess has accumu- 
lated in level areas, which resemble lake basins. In many cases these 
are without outlet, and contain remnants of larger bodies of water, which 
are now drying up, leaving well marked terraces at elevations of con- 
siderable height around the rim. In many of these level areas of loess 
within the drainage basin of the Yangho there are numerous deep nar- 
row ravines, with branching tributaries, cut to a depth of 100 feet or 
more by retrograding erosion, the loess standing in perpendicular faces 
on either side. Pumpelly describes one of these chasms as “ more than 
75 feet deep, with a width of only 4 feet between vertical walls of loam, 
and winding in a crooked course for more than a mile.” In many places, 
especially near the bordering ledges of rock and near the center of the 
larger valleys occupied by the main stream, there are distinct lines of 
coarse gravel and rocky fragments interstratified with the loess. This 
oftentimes continues for a long distance over a comparatively level area, 
where it would seem impossible for superficial currents from local cloud- 
bursts to have produced the results. 

On the other hand, it was noticed that in the narrower valleys run- 
ning east from Kalgan to Shiwantse, between the lofty border of the 
Mongolian plateau and the nearest border range, there were numerous 
and extensive deposits of loess that had been very clearly drifted in by 
the wind. The resemblance of these deposits to immense snowdrifts 
accumulating on the lee side of the mountains was very striking. This 
was especially the case at Shiwantse, where the entire village of 1,500 or 
2,000 inhabitants finds shelter in commodious and comfortable houses dug 
into the hillside of loess which flanks the eastern face of the mountain 
range. These houses are excavated in successive receding stories one 
above the other, the natural roof of one house serving as the front yard 
of the house above it. These dwellings extend for 300 feet or more up 
the slope of the loess, which continues upward for a considerably greater 
distance. In this valley we saw many such villages, and in crossing the 
mountain from west to east found extensive drifts of the loess up to a 
height of 5,000 feet above the sea. But the greater accumulations of 
loess were below a level of 3,000 or 3,500 feet above the sea, and in many 
cases, even on the margins of the larger and deeper valleys, were spread 
out in such extensive and level areas as to suggest a terrace deposit near 
the margin of standing water. It became increasingly difficult for su 
to believe that wind could have distributed the material with such an 
even surface on the margin of such well marked and deep valleys as we 
repeatedly crossed. 
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In one of these valleys, near the Mongolian escarpment, there was 
especially clear evidence of the recent cessation of the agencies which 
had been distributing the loess in its normal quantities. This was 2 
miles above Hanchinbah, in the first stream east of the escarpment, run- 
ning southwest between mountain ranges about 2,000 feet higher than 
the valley. Here is a bluff of loess about 40 feet in height, and ex- 
tending back from the stream in a well defined terrace for a considerable 
distance, yet it was exposed to the direct force of the stream in a con- 
cave bend with its unprotected perpendicular face to the stream. The 
stream bore every mark of being at times torrential, its bed being full of 
large boulders, some from 4 to 5 feet in diameter, all in slow process of 
transportation down thestream. The gradient of the stream here was be- 
tween 100 and 200 feet per mile. That so large an expanse of loess 
should have been accumulated to such an extent by present agencies, or 
should have remained in this unprotected position for many thousand 
years, would seem improbable, not to say impossible. 


GRAVEL BANKS NEAR HANoor 


On the road from Kalgan to the summit of the Mongolian escarpment 
at Hanoor, there is an immense accumulation of gravel near the base of 
the escarpment, about 2,000 feet below the summit and about 3,000 feet 
above the sea. This has been well described by Pumpelly and its puz- 
zling character fully recognized by him. The road extends through it 
for 2 or 3 miles, the gravel banks rising on either side to a height of 
from 100 to 200 feet. On ascending the banks, the surface is found to 
be nearly level, though having been subjected to considerable erosion. 
On the southwest side, the outer Chinese wall follows the summit of the 
gravel for a considerable distance as it climbs upward toward the escarp- 
ment. On the northeast side the deposit has a breadth of 2 or 3 miles, 
appearing, according to Pumpelly, on one of the parallel roads coming 
down to Kalgan from the plateau. When first encountering this gravel, 
we felt confident that it was an overwash deposit from a glacier which 
had covered the interior, and temporarily, when melting. poured its tor- 
rents down from the face of the escarpment; but on reaching the plateau 
and traveling many miles along its border, there were no signs that ice 
had ever covered the region. For a considerable distance to the interior, 
the border of the plateau here consists of a basaltic overflow which has 
obscured everything underneath, and the slope begins almost imme- 
diately to be directed toward the interior, nor are there any signs of even 
temporary lines of drainage across the escarpment to the east, such as 
might have been produced by glacial ice obstructing the natural western 
drainage lines. 
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It is possible that this remarkable gravel deposit, which certainly 
covers several square miles, is the delta of some old drainage line from 
the interior which has been covered by the basaltic flow now extending 
all along the edge of the border; but it is more readily explained as a 
shoreline deposit of recent age when the water stood at that level. What 
lends some color to this hypothesis is that the accumulation projects 
from what would have been the apex of a broad promontory extending 
into the sea where cross-currents coming down from the valleys on the 
northeast and the northwest would be likely to meet. 


ABSENCE OF GLACIAL EVIDENCE IN REGION NORTHWEST OF KALGAN 


But, whatever theory is entertained as to the distribution of the loess 
and gravel at these elevations, its glacial origin can not be maintained, 
since there is a marked absence of all signs of glaciation over the area 
from which the material must have come. This we ascertained not only 
by an extensive detour into the mountainous region to the northwest of 
Kalgan, extending over the watershed of the Mongolian border, but sub- 
sequently by one of 2,000 or 3,000 miles through the center of Manchuria 
across the Little Kinghan mountains and the Vitim plateau to the south 
end of lake Baikal. Here, if anywhere in eastern Asia, we had been led 
to look for clear evidences of extensive glacial action, but it does not 
exist, and no extensive glaciers ever covered that portion of the Asiatic 
continent which could by any stretch of the imagination be supposed to 
furnish the material for the loess in northwestern China. We must 
therefore look to some other source for its origin. 


WIND AND WATER COMBINED AS DISTRIBUTING AGENCIES 


The source of the loess is probably to be found, as Richtofen pointed 
out, in the desiccated area of central Mongolia now occupied by the desert 
of Gobi. Here during long ages the superficial rocks have been slowly 
disintegrating under the conditions of an exceedingly dry climate, accom- 
panied with great alternations of heat and cold, while the wind has been 
constantly transporting it in clouds of dust toward the eastern and north- 
eastern borders, where it has been detained in excessive quantity in the 
moister climate of the mountain valleys lying east of the Mongolian 
escarpment. 

But it seems necessary, from the facts presented, to believe that its 
present distribution over northwestern China was mainly secured by the 
agency of gradually receding water, the presence of which would be 
obtained by a temporary general depression of the land about 3,000 feet. 
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Thus only can the main accumulations into extensive plains filling the 
depressions between the mountain chains, with all their anomalies of 
apparent terraces and interpolated beds of gravel and fragments of rock, 
be accounted for. So limited is the subsequent erosion that this period 
of depression must be brought down to some such moderately recent 
date as that to which we are now compelled to assign the Glacial period, 

In confirmation of this theory as applied to eastern China, it is in 
place to point to the indubitable evidence of the recent existence of an 
inland sea as large as the Mediterranean over the area of the desert of 
Gobi, and connecting, probably, through the Sungarian depression be- 
tween the Thian Shan and the Altai mountains, with a vast submerged 
area in western Turkestan and Siberia. The existence of this internal 
sea of central Asia is attested by the abundant sedimentary deposits 
about its margin which have been studied, especially in the vicinity of 
Kashgar, and also by the Chinese historical references to it as the “ Great 
Han Hai,” or Interior séa. 


CoNnFIRMATORY Facts FRoM TURKESTAN 


Instead of following the Trans-Siberian railroad to its western terminus , 
we left it at Omsk, and, turning up the Irtysh river, traversed by tarantass 
the belt of country extending from Semipalatinsk to Tashkent, a distance 
of 1,200 miles, along the northwestern base of the great mountain system 
of central Asia. Here pretty uniformly, at an elevation from 2,000 to 
3,000 feet above the sea, we found that the remarkably fertile belt, along 
which Mongolian hordes have marched from century to century in their 
westward migrations and expeditions for military conquest, consist of 
broad expanses of loess very different from the desert sands of the north. 
This also is spread out in such terrace-like extensions from the base of 
the mountain as irresistibly to suggest deposition along the margin of a 
standing body of water; but there were no signs that glaciers had ever 
extended out upon the plain. Here, too, the indications that they were 
accumulated in their present position during a comparatively brief epoch, 
and that they had not been subjected to present erosive agencies for an 
indefinite period, is of the same character as that adduced for north- 
western China. 


OrHER EVIDENCES OF RECENT GEOLOGICAL CHANGES IN THE REGION 


In confirmation of this theory of a short continental subsidence of 
central Asia in post-Tertiary times we may point to the general evidences 
of recent extensive changes of level throughout the region, indicating 
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an instability of the earth’s crust extending down to a comparatively 
recent time. 

1. As is well known, the Himalaya, Thian-Shan, Ala Tau, and Altai 
mountains all bear on their flanks strata of middle Tertiary age, now 
elevated to a height of more than 10,000 feet. 

2. The existence of lake Baikal is an indubitable witness to the 
recency of some of these extensive changes. This lake, 400 miles long 
and with an average width of 30 miles, occupies a depression on the 
western side of the Vitim plateau, and lies directly athwart the drainage 
basin of the Selenga river. The lake is surrounded on every side 
(except where the Angara river issues from it) by mountains rising from 
2,000 to 5,000 feet above its surface. Its elevation above the sea is 1,580 
feet, but near its southern end its depth is 4,180 feet. The drainage 
basin of the Selenga river, whose sediment is swept into the south end 
of the lake, is fully 200,000 square miles in extent, the most of which is 
more than 3,000 feet above the surface of the lake, giving a very steep 
gradient for the streams. The main river, with all its tributaries, now 
occupies deep trenches of erosion in granitic and.archean rocks. These 
trenches are in their lower courses 2 or 3 miles in width and a thousand 
or more feet in depth, representing an immense period of time. But 
nearly all of them contain sedimentary strata at the bottom, sometimes 
100 feet or more in thickness, of Tertiary age. 

A brief calculation only is required to show that the formation of that 
portion of the lake basin which receives the sediment of the Selenga 
river, belongs to very recent geological time; for, at the most moderate 
rate at which it can be supposed that the erosion in this valley is pro- 
ceeding, the whole southern half of lake Baikal would be filled with 
sediment in less than 500,000 years, whereas it is certainly not one- 
quarter full. Briefly stated, the calculation is as follows: Estimating 
the length of that part of the basin receiving the sediment to be 200 
miles, the breadth 40 miles, and the average original depth one-half 
mile, all of which figures are in excess of the reality, the basin to be 
filled would contain 4,000 cubic miles. At the rate with which erosion 
is proceeding in the Mississippi valley, namely, the removal of one foot 
from the entire surface in 5,000 years, 40 cubic miles of sediment would 
be brought into the lake by the Selenga river in that period of time; so 
that in 500,000 years the whole work of filling it would be accomplished. 

The estimate concerning the extent to which the sedimentation has 
already proceeded is based somewhat on the size of the delta at the 
mouth of the Selenga river. This approximately has a base of 30 miles 
along the shore of the lake, with an average width of less than 10 miles, 
while over much of this area the thickness of the deposit is evidently 
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not great. The whole area occupied by this delta above the water is 
not over one-twentieth that of the portion under consideration, while if 
we estimate the amount which has been carried into the lake beyond 
the shoreline as four times this amount, that would only result in one- 
fifth of the work required to fill the whole basin, thus bringing the actual 
time down to 100,000 years, while, on account of our probable overesti- 
mate of the thickness of the deposit in the delta, the total amount of 
work done is doubtless much overestimated, bringing the date down to 
still lower limits; but however much one should lengthen this esti- 
mate, it must remain the clearest and most definite evidence yet brought 
to notice of the recency of some of the extensive changes connected with 
and following the close of the Tertiary period. 

3. Other evidence concerning the recency of these great changes in 
northern and central Asia appears in the more definite witness of recent 
shoreline deposits of gravel at an elevation of 600 or 700 feet in widely 
separated regions. One of these is reported by J. Stadling* near the 
mouth of the Lena river and 10 miles back from it, where he found, 600 
feet above the sea, “in a layer of soil composed of turf and mud mixed 
with sand, resting on a foundation of solid ice as clean and blue as steel 
and of unknown depth, large quantities of driftwood, evidently brought 
down by the river at the remote period when it had its course here.” 
Another is one, which I have elsewhere described,} at Trebizond, on 
the Black sea, where a large amount of fresh-looking beach gravel is 
found clinging to the precipitous side of the volcanic rocky mass back 
of the city at an elevation of 750 feet above the sea. Still anothor in- 
stance, which I have described in the same paper, is in the lower part of 
‘the Dariel pass, on the north side of the Caucasus mountains, where 
there are extensive fluviatile deposits of such character as to indicate a 
great change in the relative level of the gorge in correspondingly recent 
times. In conformity with this, Professor Charles W. Keyes tells me 
that he has observed extensive raised beaches of corresponding height 
to those of Trebizond at Soudak, on the north shore of the Crimea. 

All these things point to the fact that in those epeirogenic, movements 
which characterized the latter part of the Tertiary and the whole of the 
Glacial period, there was a brief subsidence of the Asiatic continent— 
central Asia, perhaps, playing see-saw with northwestern Europe and 
America, the one going down while the other went up. But, however 
that might be, at some stage during this late period of geological insta- 
bility, a general depression of central Asia must have occurred to account 
for the phenomena we have presented, distributing the loess in the pecu- 


*See J. Stadling : Through Siberia, p. 161. New York, 1901. 
+See Quarterly Journal, Geol. Society, vol. 57, 1901, p. 249. 
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liar manner indicated and filling the central depression of Mongolia with 
an interior sea. 


ADDITIONAL CONFIRMATORY EvIDENCE 


This theory has the advantage of accounting at the same time for the 
peculiar distribution of arctic species of seal from the elevated basin of 
lake Baikal (1,600 feet above the sea) to the isolated Aral and Caspian 
seas in western Turkestan. It also helps to account for the innumerable 
evidences that, up to comparatively recent times,there was an immensely 
greater rainfall over central and western Asia than there is at the present 
time. For example, it is above all question that up to a comparatively 
recent time, say 10,000 or 15,000 years ago, the depression of the Jordan 
valley was filled with water 750 feet above the present level of the Dead 
sea. The comparative freshness of lake Balkash and of the Aral and 
Caspian seas likewise indicate a recent rainfall in that region far in excess 
of the present. In the absence of glacial conditions in the proximity of 
these seas, this would seem to be best accounted for by the additional 
supply of moisture to the atmosphere which would have been furnished 
from the evaporating surface of extensive inland seas in the center of 
Mongolia and in other depressed areas in Asia. 

The discussion should not be closed, however, without remarking that 
ample credit must still be given to the wind as an agency which is still 
at work distributing the loess and producing many minor modifications 
which are plainly visible in northeastern China, where many of the ex- 
tensive deposits are clearly drifted material brought in by the wind in 
recent times. ‘This may be freely granted without admitting that wind 
is competent to account for all the phenomena presented. 
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VIEWS HELD BY AMERICAN GEOLOGISTS 


American geologists have quite generally held to the view that the 
former extent of the Newark system along the Atlantic border was not 
much greater than at present, the assumption being made that the de- 
posits were laid down in local basins practically coextensive with the 
present Newark areas. Russell alone of those who have made special 
study of the system has advocated a “ broad terrane ” as against a “ local 
basin ” hypothesis for the origin of these deposits.* Davis has expressed 
the view that the Newark trough of the Connecticut valley was at least 
8 or 10 miles wider than the present valley,t but he has thrown the 
weight of his authority in favor of a strictly “ local basin ” of deposition. 
Shaler and Woodworth in their joint monograph treating of the Rich- 
mond basin discuss the evidence from that area without reaching a very 


*I. C. Russell: On the physical history of the Triassic formation in New Jersey and the Con- 
necticut valley. Ann. N. Y. Acad. Sci., vol. i, 1879, pp. 220-254, 
See also The Newark system, Bull, 85, U. 8. Geological Survey, chap. ix, pp. 101-107. 
W. M. Davis: The Triassic formation of Connecticut. Eighteenth Ann. Rep. U. 8. Geological 
Survey, 1898, pt. ii, p. 37. 
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definite conclusion, though they seem to favor the generally accepted 
view.* 

The following statement, however, is made in their report : 

“Tt is evident that the field now occupied by the Newark beds of the Richmond 
basin was at one time much more extensive than it is at present. Its extreme 
limits cannot well be determined. As is well known, the eastern margin of the 
field is bordered by several small detached areas, in which are preserved the lower 
coal-bearing strata. . . . It is not improbable that small basins similar to the 
Black Heath lie beneath the common mantle of residual deposits as far to the east 
as the meridian of Richmond, or, say 12 miles from the ascertained exposures of 
the Newark series. 

‘*The distribution of the remaining portions of the Newark beds in Virginia is 
consistent with the hypothesis that the deposits once mantled that field over, the 
several areas still existing owing their preservation to their inclusion in the troughs 
arising from the dislocation of the basement. It is also reconcilable with the sup- 
position that the beds were laid down in preexisting valleys, the lesser basins 
grouped about the greater being peripheral remnants of the once more extended 
areas.” 


Dr Woodworth, in a personal letter to the writer, says: 

Tam rather inclined to a broad terrane distribution of the Newark for the 
upper and lower middle sections where I have seenthem. I suspect the geography 
was somewhat like that of the Great Basin, and that enormous denudation has 
taken place.” 


EXPLANATION OF GENERAL ACCEPTANCE OF Locat Basin.” Hyporuesis 


To the writer it seems that the general adhesion to the “ local basin ” 
hypothesis on the part of geologists who have studied the Newark sys- 
tem, may have its explanation in the position from which the study has 
been approached and the manner in which the investigations have been 
conducted. The first continuous terrane hy pothesis—that of Rogers for 
the areas south of New York—was so unsatisfactory as to prejudice 
more or less the later theories which involved a continuous terrane, 
On the other hand, the early description of the Acadian area—the one 
really isolated Newark area—as a separate basin, with deposits formed 
in a bay swept by strong tidal currents, required little change from pres- 
ent conditions in the bay of Fundy, and possessed a large measure of 
probability. Le Conte and Newberry seem to have accepted the local 
basin hypothesis and given color to their writings in harmony with this 
view, so that the doctrine early acquired a considerable momentum 
from the weight of authority behind it. Of no little importance also as 


*N. S. Shaler and J. B. Woodworth: Geology of the Richmond basin, Virginia. Nineteenth 
Ann. Rep. U. 8. Geological Survey, pt. ii, 1899, pp. 385-519. 
+ Op. cit., pp. 413, 414. 
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affecting the growth of opinion about the Newark is the fact that the 
numerous areas are geographic units and extend through a considerable 
number of states. Because of this the detailed study of the system has 
been undertaken by different geologists belonging to the several state 
surveys or to different divisions of the U. $. Geological Survey, and 
they have each studied one area or a portion of an area only. 


RECONSIDERATION OF PROBLEM FAVORED BY RECENT MONOGRAPHS 


The “correlation paper” on the Newark system published in 1892 
by the U. S. Geological Survey was the first serious attempt to correlate 
the work of the different areas. Since the appearance of that paper 
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Fioure 1.—Area occupied by the Newark System. 


much more detailed study has been given to a number of the important 
areas. Moreover, the principles of structural geology, which have been 
strongly emphasized in the American work of the last decade, have been 
applied with success to the solution of the local problems. 

The last three vears have seen the appearance of no less than five 
final reports treating in much detail the geology of the areas from New 
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England to Virginia.* They are the reports by Emerson on the Massa- 
chusetts portion of the Connecticut Valley area; by Davis on the Con- 
necticut portion of the same area; by Kiimmel on the New York-New 
Jersey area; by Shaler and Woodworth on the Richmond area, and by 
the writer on the Pomperaug Valley area. Keith’s study of the Catoctin 
belt had appeared in 1894., These extended investigations make pos- 
sible a review of the subject of Newark conditions of deposition and the 
area over which they extended. 


Loca, Bastin versus “ Broap TERRANE” HyporuHeEsis 
“LOCAL BASIN” HYPOTHESIS 


The observed phenomena which the “local basin” hypothesis has 
been framed to explain, seem to be: (1) The present occurrence of the 
terrane in circumscribed areas separated by other and generally older 
horizons ; (2) the nature of the sediments, which indicate shallow and 
brackish water deposition, and, (3) the occurrence of coarse arkose and 
conglomerate, interpreted to indicate that powerful transporting agencies 
were at work when these sediments were deposited. 

The new light thrown on the problem by recent studies, in the opinion 
of the writer, furnishes the data for a more satisfactory explanation of 
these phenomena on the basis of a continuous and broad area of depo- 
sition, at least for all save the Acadian area. 


MARGINAL FAULTS FAVOR “ BROAD TERRANE” HYPOTHESIS 


The most important single line of observations derived from the re- 
cent studies and bearing upon the problem, is that which shows that all 
the areas recently studied are largely surrounded by observed faults or 
by probable faults, and that the Newark terrane is generally at a lower 
level than the older rocks by which it is surrounded. This result was 
foreseen by Russell in the trend of his own and other observations at 


*W. M. Davis: The Triassic formation of Connecticut. Eighteenth Ann. Rep. of s. Geoleg- 
ical Survey, pt. ii, 1898, pp. 1-192. 

B. K. Emerson: Geology of old Hampshire county, Massachusetts, comprising Franklin, 
Hampshire, and Hampden counties. Monograph 29, U. 8. Geological Survey, 1898, pp. 351-501. 

H. B. Kimmel: The Newark system of Red Sandstone belt (in New Jersey). Ann. Rep. State 
Geologist of New Jersey for 1897. Trenton, 1898, pp. 25-159. 

H. B. Kammel: The extension of the Newark system of rocks (in New York). Ann. Rep. 
State Geologist of New Jersey for 1898, Trenton, 1899, pp. 43-57. 

N. 8. Shaler and J. B. Woodworth: Geology of the Richmond basin, Virginia. Nineteenth 
Ann. Rep. U. 8. Geological Survey, pt. ii, 1899, pp. 385-519. 

W. H. Hobbs: The Newark system of the Pomperaug valley, Connecticut, with a report on fossil 
wood by F. H. Knowlton. Twenty-first Ann. Rep. U. 8. Geological Survey, pt. iii, 1901, pp. 1-162. 

+ Arthur Keith : Geology of the Catoctin belt. Fourteenth Ann. Rep. U.S. Geological Survey, 
pt. ii, 1804, pp. 345-385, 
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the time his correlation paper was published, but the close agreement 
of the recent observations may well be emphasized. The accompanying 
sketch maps, reproduced from the several monographs, will indicate 
how general is the agreement which has been reached. ‘The writer has 
modified the sketch of the New York-New Jersey area by adding a fault 
along the eastern margin of the Palisades, because not only does the topo- 
graphic break at the border of the system seem to require such a fault, 


Figure 2.—Sketch Map of southern Partof New- Ficure 3.—Sketch Map of Newark Area of Pom- 
ark Area of Connecticut Valley. peraug Valley, Connecticut 
. 
After Davis. Full lines represent faults. Full lines represent faults. 


but parallel faults observed by the writer during the past summer on 
New York island increases the probability of this structural break. The 
object of the diagrams being simply to show the nature of the Newark 
boundaries as determined by the different observers, violence has been 
done in reproducing to the comparative scales of the areas concerned as 
convenience has dictated. 

The general observation of marginal faults, considered with reference 
to the probability that many have eluded observation, and also with re- 
spect to the generally lower position of the Newark terrane, makes it 
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extremely probable that the several areas have been depressed along 
fault walls below the baselevel of erosion, and hence preserved where we 
now find them. Their local occurrence would thus be fully accounted 
for. 


Ficure 4.—Sketch Map of Newark Area of New Fiaurr 5.—Sketch Map of Newark Area of 
York and New Jersey. Richmond Basin. 
Based on maps by Kimmel. Full lines repre- After Shaler and Woodworth. Full tines rep- 
sent faults. resent faults, ashed lines probable faults. 


Atrempr to PrcrurE NEWARK ConpITIONS OF DEPOSITION 


COARSENESS OF SEDIMENTS 


The coarseness of the Newark sediments, and especially the occur- 
rences of arkoses and giant conglomerates, furnish the greatest obstacle 
to forming a picture of the Newark period, a powerful transporting agent 
being generally assumed to be necessary to explain the distribution of 
these conglomerates. The tides of a deep bay or estuary having steep 
walls has been the most frequently assumed. In the more recent work 
Emerson has invoked this condition to explain the deposition within 
the Massachusetts area, southern New England being supposed a Rias 
coast and the Connecticut valley a deep, fjord-like bay into which the 
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sea was admitted on a thick mantle of disintegrated rock material which 
its strong tides took up and transported.* 


DISTRIBUTION OF THE CONGLOMERATES 


The distribution of the conglomerates is one possessing very consider- 
able interest. In the Connecticut Valley area these rocks generally form 
an eastern and northern and sometimes a western border to the area. 
In the New York-New Jersey area they form likewise a border, but 
on the northwest. In the southern areas also, as well as within the 
small Pomperaug Valley area of Connecticut, they are generally mar- 
ginal to the areas as respects their distribution. So general is this ob- 
servation that the few cases where the exposures of conglomerate are 
found distant from the boundaries of the areas, may generally be best 
explained through displacement by the block-faulting which has every- 
where prevailed, Within the Mount Toby conglomerate area of the Con- 
necticut valley, which is somewhat removed from the margins of the 
Newark of that region, Emerson found islands of crystalline rocks 
from which the material could have been derived. The material of the 
Newark conglomerates is almost entirely derived from the metamorphic 
rocks by which they were surrounded. ‘The general lack of correspond- 
ence between the material of the conglomerates and that of the contigu- 
ous portion of the wall of crystallines has led Emerson to appeal in part 
to shore ice and in part to transportation by strong tidal currents, which, 
in the Connecticut Valley area, he supposes to have moved northward 
along the western wall and returned along the eastern border of the 
area. An even more marked lack of correspondence along the north- 
western border of the New York-New Jersey area, Kiimmel would ex- 
plain by vertical displacement along fault-walls. a theory which might, 
it would seem, be applied with equal force to the Connecticut Valley 
area. In the southern areas the conglomerates seem to be most abun- 
dant along the western margins of the areas, and it may be said that the 
distribution of the conglomerates, as regards the areas as a whole, seems 
to be best accounted for, and, in fact, the formation has been generally 
described, as a basal conglomerate of the system. Outside of New Eng- 
land its general restriction to the western borders (without regard to the 
displacement by faulting) is most in accord with this view, if the western 
border of the province in which Newark areas occur be regarded as near 
the western margin of a large area of Newark deposition, owing to the 


* Op. cit., p. 373. 
t Op. cit., pp. 361-363. 
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the now generally accepted view that the Newark boundaries are largely 
along faults, for the lower beds of the system will occur nearest the 
boundaries, due to the distribution of the displacement at their bound- 
aries over a series of near-lying planes. 


GEOGRAPHIC CONDITIONS 


It is difficult to picture the conditions which prevailed in Newark 
times, but the peculiar occurrence and distribution of this basal con- 
glomerate may perhaps be accounted for if a broad land area of the 
crystalline rocks were subjected to long-continued secular disintegration 
in an arid climate, and subsequently depressed so as to admit the sea. 
The deeply disintegrated rock masses would in the higher areas, where 
the waves and tidal currents were effective, be washed free from the 
finer material, and in consequence the pre-Newark land areas would be 
mantled by a coarse arkose or conglomerate whose pebbles would have 
only slightly rounded surfaces. The borders of the area and the island 
peaks and ridges which projected above the water surface would there- 
fore be surrounded by marginal zones of greater or less width made up 
of conglomeratic material. In the deeper areas sandstone and shale 
would be deposited. Where coarse pegmatites occurred giant conglom- 
erates composed of large feldspars would locally be produced, as has 
been the case, particularly in the New England areas. To these New 
England areas the hypothesis fits particularly well, because of the dis- 
tribution of the Mount Toby conglomerates, as described by Emerson,* 
and the character of the Roaring Brook contact on the crystallines, as 
described by Davis,} the irregular surface of the latter, and the local 
derivation of the Newark material strongly favoring the view. 

It is not necessary to assume that the pre-Newark terrane was in all 
parts depressed below sea level. The southern areas, with their coal 
formations, indicate marshy areas with rank vegetation. Ifa geography 
not unlike that of the great basin be pictured, with a change of climatic 
conditions, the torrential streams from the steep walls and from the 
island-like peaks and ridges may be appealed to for the sorting of the 
sediments and the local transportation of the large rock fragments of 
the conglomerate, as has been already suggested by Shaler and Wood- 
worth. 

The above review of the character and the distribution of the coarse 
sediments has been somewhat fully considered, because they have been 


* Op. cit., p. 361. 
t Op. cit., pp. 19-23. 
cit., pp. 404-406, 
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so generally interpreted as requiring that the Newark deposits be formed 
in local basins. 


CONDITIONS FAVORABLE TO A BROAD TERRANE 


There are, however, some considerations other than the occurrence of 
marginal faults which favor the broad and continuous terrane hypoth- 
esis. Five of them may be stated as follows: 


1. The several areas, with the exception of the Acadian area, are now 
so nearly connected that if they were inclosed by a line which contin- 
ued the outer margin of each to the nearer areas on either side, the 
area included which was unoccupied by Newark deposits would about 
equal that thus occupied. 


2. The remarkable resemblances observed to characterize near-lying 
Newark areas and the rather marked differences noted between areas 
widely separated indicate a distinct gradation in characteristics from 
those peculiar to northeastern to those peculiar to southwestern areas. 
These gradations are noted in the character of the deposits, in the nature 
of the life remains, in the manifestations of volcanic activity, etcetera. 


3. The enormous degradation which all observers agree has taken 
place since the deposition of the Newark sediments, favors the view that 
the present areas are only remnants of a much larger area of deposits, 
these remnants owing their preservation to their depression below the 
baselevel of erosion and within the protecting walls of crystalline rocks. 


4. The community of structural peculiarities within the different 
areas and the relations observed between the eastern and the western 
areas of the sinuous double belt is not without significance. As early 
pointed out by Russell,* the Connecticut valley and the northern por- 
tion of the New York-Virginia area, as regards the sequence of their 
deposits and the nature and the order of the included basalt layers, seem 
to represent the opposite limbs of an imbricated fold, the parts of which 
have been preserved by depression along fault planes within the crystal- 
line rocks. Less noteworthy relationships are indicated in the prevail- 
ing dips within the southern areas which lie to the east and those to the 
west of an axial line (see figure 1). 

As the sinuous trend of this depressed double trough follows through- 
out its extent the axis of Appalachian folding, it is easy to understand 


*I. C. Russell : On the physical history of the Triassic formation in New Jersey and the Con- 
necticut valley. Ann. N. Y. Acad. Seci., vol. i, 1879. 
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how the Newark system might be preserved in this belt and not else- 
where, even if its deposits had once extended far to the east. 


5. The rivers of Connecticut by their orientation appear to betray a 
relation to certain of the fault directions as worked out in the Pomperaug 
Valley area, within which and about which such a connection can be 
clearly shown.* A causal relationship of the one to the other is not 
difficult to conceive, provided the streams began their cutting in the 
Newark sediments, which easily sustain fractures along fault planes. 


*Cf. Hobbs: Twenty-first Ann. Report U. 8. Geological’Survey, 1901, chap. v. Journal of Geology, 
vol. ix, 1901, pp. 469-484. Science, vol. xiv, 1901, pp. 1011, 1012. 
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INTRODUCTION 


The following notes on the stratigraphic and faunal succession in the 
Hamilton group of the Thedford region were made during a short visit 
to that locality in the summer of 1901. They are intended merely as a 
contribution to the geology of that well known and often visited region, 
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which still awaits a comprehensive and detailed study. It was our good 
fortune while at Thedford to make the acquaintance of Messrs Aldridge, 
N. J. Kearney, and Charles Southworth, of Thedford, students of the 
local geology. They generously conducted us to the most interesting 
sections in the vicinity and aided us in making the collection on which 
our study is based. 


DESCRIPTIONS OF THE SECTIONS 
IN GENERAL 
We visited in all five sections in the Thedford region. These are: 


A. The cut about a quarter of a mile east of the Thedford station, on the Grand 


Trunk railroad. 

B. An exposure on the hillside (old river bank) about three-quarters of a mile 
north of the preceding locality. 

C. The banks of a small stream about a mile west of the preceding locality. - The 
clay of the lower beds is here dug for brick manufacture. 

D. Rock glen, about a mile east of Arkona, on a small tributary of the Rivicre 


aux Sables. 
E. Bartletts mills, now known as Marshalls mills, about a mile up the Sable 
river from the mouth of Rock glen. 


In all of these exposures except the first a bed of limestone of nearly 
constant thickness and uniform character is found. This bed, generally 
called the Encrinal limestone, is readily recognized and serves as a datum 
plane for the correlation of the beds above and below it. It marks the 
dividing line between the upper and lower beds of the Hamilton group 
of this region, a division which is based on abrupt faunal changes. 


SECTION A—THEDFORD 


This section is now largely overgrown, the banks being much weath- 
ered, the shales changed to clays, and the calcareous beds shattered into 
fragments, which cover the slopes. The fossils are weathered out, and 
may be picked up in large quantities from the sloping bank. The most 
abundant form is Spirifer mucronatus var. thedfordensis. This section is 
between 30 and 40 feet deep, and may be divided as follows in descend- 
ing order: 

9. Argillaceous thin-bedded limestones and calcareous shales, the former 
containing chiefly fragments of brachiopods, as well as complete shells 
and numerous branches of Ceratopora intermedia (Nicholson) and 


The following is a list of species obtained from these beds : * 


*The numbering reters to the table at the end of the paper. 
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3. Phacops rana Green. 71. Chonetes lepida Hall. 
4. Cryphzus boothi Green. 81. Pentamerella papillionensis Hall. 
8. Primitiopsis punctulifera (Hall). 87. Leiorhynchus laura (Bill.). 
12. Goniatites cf. uniangularis Conrad. 97. Atrypa reticularis (Linn.). 
Orthoceras sp. 105. Spirifer mucronatus var. thedfordensis 
19. Tentaculites attenuatus Hall, var. S. and G. 
40. Aviculopecten princeps (Conrad). 107. S. ef. consobrinus d’Orbigny. 
60. Stropheodonta concava Hall. 118. Athyris fultonensis (Swallow). 
61. Stroph. demissa (Conrad). 137. Paleschara ? sp. 
62. Stroph. inequistriata ? (Conrad). 138. Streblotrypa hamiltonensis (Nich.). 
64. Pholidostrophia iowaensis (Owen). 155. Fistulipora utriculus Rominger. 
65. Leptostrophia perplana (Conrad). 206. Ceratopora intermedia (Nicholson). 
68. Orthothetes arctostriata Hall. 207. C. nobilis ( Billings). 


69. O. perversa Hall. 


Ficure 1.—Section A—One Side of Railroad Cut near Thedford. 
Figures as in text. For scale see figure 4. 
8 and 7. Gray calcareous shale full of Spirifer mucronatus var. thedfordensis, 


which appears to be mostly confined to a stratum 4 feet thick 


The following species were found on the talus slope, and probably 
belong to beds 7 and 8: 


8. Primitiopsis punctulifera (Hall). 71. Chonetes lepida Hall. 
10. Barychilina walcotti Jones. 87. Leiorhynchus laura Bill. 
36. Pleurotomaria cf. arkonensis Whiteaves, 105. Spirifer mucronatus var. thedford- 
60. Stropheodonta concava Hall. ensis S. and G, 
. 
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111. Cyrtina hamiltonensis Hall. 163. Hederella canadensis (Nicholson). 
112. C. hamiltonensis var. recta Hall. 165. H. filiformis Nicholson. 

119. Athyris ef. spiriferoides (Eaton). 170. Spirorbis arkonensis Nich. 

118. A. fultonensis (Swallow). 171. Spirorbis omphalodes Nicholson. 

122. Meristella rostrata Hall. 204. Aulopora serpens Rominger. 

143. Reteporina prisca Nich. 206. Ceratopora intermedia (Nicholson). 
155. Fistulipora utriculus Rom. 209. Trachypora elegantula Billings. 

6. Blue clay, poorly exposed and poor in fossils ....... -exposed portion.. 10 feet 


This section is entirely above the Encrinal limestone, and therefore 
belongs to the Upper Hamilton of this region. It is described by Logan 
on page 385 of his report. He says that the whole section abounds in 
fossils, but this does not hold for the lower beds, though their slopes are 
covered with weathered-out fossils from the beds above. 


SECTION B 


This section exposes the Encrinal limestone, which is about 2 feet 
thick and is divided into three beds. It was formerly quarried at this 
point. Just above the limestone is the coral layer, a decomposed shale 
full of corals, which 
are weathered out 
and may be picked 
up in large numbers 
on the surface. The 
most abundant and 
characteristic corals 
are: Heliophyllum 
halli E. and H., H. 
tenuiseptatum Bil- 
lings, Craspedophyl- 


lum  subewspitosum 
(Nicholson), Cysti- 
phyllum vesiculosum 
(Goldfuss), Favosites 
billingsi Rominger, 
and F. placenta Rominger. Calvin (1888) cites. Microcyeclus discus Meek 
and Worthen as occurring in this division of the series, but this is prob- 
ably a mistake. No specimens were found in this exposure, the most 
typical of the coral layer, but the species is not uncommon at the base 
of the section at Bartlett’s mills, and undoubtedly belongs to the lower 


Fiaure 2.—NSection B—North of Thedford. 


Figures as in text. For scale see figure 4. 


beds. 
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The following is the list of species found at this locality ; all belong to 
the coral layer, or middle division of the Hamilton group: 


3. Phacops rana Green. 

15. Orthoceras cf. lambtonense Whit- 
eaves. 

Orthonychia (Platyceras) conicum 
Hall. 

. Diaphorostoma lineata (Conrad). 

. Craniella hamiltonix (Hall). 

. Stropheodonta concava Hall. 

. Stroph. demissa (Conrad). 

. Pholidostrophia iowaensis (Owen). 

. Rhipidomella penelope Hall. 

. Rh. vanuxemi Hall. 

. Camarotechia thedfordensis Whit- 
eaves. 

Cyclorhina nobilis Hall. 

. Eunella attenuata Whiteaves. 

. Atrypa reticularis (Linn.). 

Spirifer mucronatus var. thedford- 
ensis 8. and G. 

Cyrtina hamiltonensis Hall. 

Nucleospira concinna Hall. 

Parazyga cf. hirsuta Hall. 

Reteporina prisca Nich. 

Spirorbis omphalodes Nich. 


31. 


111. 
114. 
117. 
143. 
171. 


186. 
193. 
204. 
205. 
206. 
208. 
209. 
212. 
215. 
218. 
220. 
221. 


222. 


225 


237. 


238. 


Crinoid joints. 

Nucleocrinus elegans Conrad. 
Dolatocrinus (spines). 

Aulopora serpens Goldfuss. 
Monilopora antiqua Whiteaves. 
Ceratopora intermedia (Nich.). 
C. dichotoma Grabau. 
Trachypora elegantula Billings. 
Cladopora frondosa Bill. 
Alveolites goldfussi Bill. 
Favosites placenta Rominger. 

F. turbinata Bill. ‘ 
F. billingsi Rom. 

F. alpenensis Winchell. 

Zaphrentis sp. 


. Z. prolifica Bill. 
227. 
228. 
230. 
231. 
233. 


Cyathophyllum conatum Hall. 

C. cf. robustum Hall. 

Heliophyllum halli E. and H. 

H, tenuiseptatum Bill. 

Craspedophyllum subcespitosum 
(Nich.). 

Cystiphyllin vesiculosum Goldfuss. 

C. conifollis Hall. 


Stratigraphically section B is below section A. 


SECTION C—BRICKYARD 


The section here exposed 
comprises the following strata 


in descending order: 


3. Clay, mingled with drift, 
full of corals of the 
same type those 
found at section B, this 
being in fact the disin- 
tegrated ‘‘coral layer’”’ 

2. Encrinal limestone in 
several beds, the lowest 
separated from those 
above by a two to four 
inch bed of black shale 


2 feet 


full of crushed shells 
of Leiorhynchus (2b).. 
1. Blue, apparently non-fos- 
siliferous clay......... 


3 feet 


15 feet 


Figures as in text. 


Ficure 3—Section C—Brickyard. 


For seale see figure 4. 
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The coral bed is rich in Spirifer mucronatus var. thedfordensis. This 

and the corals cover the slopes of the bank. The following list com- 

prises the species picked up in a brief time, and is, of course, not an 

exhaustive one: 

28. Platyceras subspinosum Hall. 139. Fenestella ef. arkonensis Whiteaves. 

57. Crania cranistriata Hall. 143. Reteporina prisca Nicholson. 

59. Pholidops hamiltonix Hall. 155. Fistulipora utriculus Rominger. 
. 64. Pholidostrophia iowaensis (Owen). 209. Trachypora elegantula Bill. 

71. Chonetes lepida Hall. 212. Cladopora frondosa (Bill.). 

79. Rhipidomella penelope Hall. 213. Cl. roemeri (Billings). 
: 84. Camarotuchia thedfordensis Whiteaves, 214. Striatopora linneana Bill. 

86. Trigeria lepida Hall. 215. Alveolites goldfussi Bill. 

97. Altrypa reticularis (Linn.). 217. Fuavosites digitata Rom. 

105. Spirifer mucronatus var. thedfordensis 218. F. placenta Rom. } 
; S. and G, 219. F. clausa Rom. 

111. Cyrtina hamiltonensis Hall. 230. Heliophyllum halli FE. and H. 

114. Nucleospira concinna Hall. 231. H. tenuiseptatum Bill. 

115. Cryptonella sp. 233. Craspedophyllum subcespitosum 

116. Rhynchospira eugenia (Bill.). (Nich.). 

136. Semicoscinium labiatum Hall. 237. Cystiphyllum vesiculosum Goldfuss. 


The limestone consists of crinoidal fragments mingled with fragments 
of brachiopoda. Spirifer scu/ptilis was found in it. 

The black shale which separates the lower 8 inches of limestone from 
the upper beds is filled with crushed valves of Leiorhynchus laura Bill. 

The lowest beds comprise a blue homogeneous clay or weathered shale, 

f with the stratification well marked, and almost destitute of fossils. It is 

supposed to be at least 30 feet thick, and is sufficiently uniform and 
free from lime to make good red bricks and tiles. 


SECTION D—ROCK GLEN 


In Rock glen the following section was measured in descending order: 


Drift. 

9. Bluish argillaceous limestone, often bituminous, containing many 
Bryozoa and fragments of trilobites, in beds from 1 to 2 feet thick and 
separated by beds of blue calcareous shale. Some of the beds are 
filled with fragments of Ceratopora intermedia (Nicholson)........... 9 feet 

$. Gray calcareous shales, with numerous small lime concretions disposed 
in tiers. The lowest two feet abound in the characteristic Thedford 


Blue argillaceous limestone containing a few Spirifer mucronatus var. 
thedfordensis, but scarcely any other fossils.................. s..0. 13 feet 
Blue calcareous shale, including, four feet from the top, a foot or more 
of harder calcareous beds. Fossils are rare, excepting a few speci- 
mens of the characteristic Thedford Spirifer....................006- 18 feet 


‘ 


SECTION D 


Calcareous shales and shaly blue limestones containing Phacops rana. . 6 feet 


5. 
3. ‘*Coral layer,” a shaly and somewhat calcareous rock, full of fossils, 

among which Heliophyllum and Cystiphyllum predominate........ 3} feet 


Ficure 4.—Section D— Wall of Rock Glen, near Arkona. 


Figures as in text. 
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2. Encrinal limestone, coarsely crystalline, heavy-bedded, and consisting 
largely of crinoidal fragments mingled with coral sand. It is divis- 


ible as follows: 
c. Compact crystalline crinoidal limestone, with Spirifer sculptilis, 


Favosites, Leptostrophia perplana, etc..........0eceeeeeeeeees 14 feet 

b. Black shale, with Leiorhynchus 
2 feet 


This limestone forms a small fall at the foot of the larger fall which is 
caused by the upper calcareous beds. 


1. Blue shales, apparently non-fossiliferous ; thickness exposed, about... 20 feet 


In a few fragments from the lower part of the upper beds (9) the fol- 
lowing fossils were found : 


3. Phacops rana Green. 138. Streblotrypa hamiltonense (Nichol- 
8. Primitiopsis punctulifera (Hall). son). 
105. Spirifer mucronatus var. thedfordensis Crinoid joints. 
8. and G. 206. Ceratopora intermedia (Nich.) 


The following species were obtained from bed 5: 


3. Phacops rana Green. 61. ? Stropheodonta demissa (Conrad). 
4. Cryphus boothi Green. 


In the calcareous bed number 4 the following species were found : 


3. Phacops rana Green. 65. Leptostrophia perplana (Conrad). 
4. Cryphxus boothi Green. 71. Chonetes lepida Hall. ~ 

8. Primitiopsis punctulifera Hall. 75. Chonetes vicinus (Castelneau). 

21. Styliolina fissurella (Hall). 88. Leiorhynchus huronensis Nicholson. 
41. Pterinea flabellum (Conrad). 105. Spirifer mucronatus, thedfordensis S. 
47. Nuculites triqueter Conrad. and G. 


Orthothetes sp. 


The following species were found loose at Rock glen and belong to the 
beds above the Encrinal : 


79. Rhipidomella penelope Hall. 88. Leiorhynchus huronensis Nicholson. 


In addition to these, the common corals of the coral layer were found 
with Heliophyllum halli E. and H. and Cystiphyllum vesiculosum Goldfuss 


predominating. 
The following species were found in the Encrinal limestone at Rock 


glen : 


fect 

‘ 

‘ 
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79. Rhipidomella penelope Hall. 100. Sp. divaricata Hall. 

80. Rhipidomella vanuxemi Hall. 108. Spirifer sculptilis Hall. 

96. Tropidoleptus carinatus Hall. 220. Fuvosites turbinata Bill. 

99. Sp. audaculus (Conrad). 232. Craspedophyllum archiaci (Bill.). 


SECTION E—BARTLETTS MILLS 


On the Riviere aux Sables the following section is exposed below the 
bridge at Marshall’s mills (formerly Bartlett’s mills) : 


5. Gray shale, poor in fossils............ 3. feet 
4. Bluish gray calcareous shale forming a resistant bed whieh caps the - 


coral layerand stands out in relief. Some beds have their weathered 


Fieure 5.—Section E—Bank of Riviere aux Sables at Bartlett's Mills (Marshall’s Mills): la=Platyceras 
arkonense Bed. 


Figures as in text. For scale, see figure 4. 
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surfaces covered with minute shells of Styliolina fissurella, and Primi- 
tiopsis punctulifera. Chonetes, and other brachiopods also occur... .. 1} feet 
This layer is also seen in Rock glen, where, near the mouth of 
the glen, it is conspicuous above the coral layer. 
3. Coral layer, a decomposed shale full of the characteristic corals found 
in this layer in the other localities. | Spirifer mucronatus var. thed- 


fordensis is also cose fest 
2. Encrinal limestone, the lowest bed of 4 inches is separated from the 

upper part by a 6-inch bed of black shale (2h)...............-000 2 feet 
1. Blue shale, poor in fossils except near the base............00 ..eeeee 30+ feet 


About 25 feet below the Encrinal limestone occurs a thin layer of 
limestone (1a) made up of fragments of crinoid stems and full of shells of 
a large variety of Tentaculites attenuatus, and containing, not infrequently, 
heads and plates of Arthroacantha punctobrachiata, as well as shells of 
Platyceras arkonense. The latter is often a common form, and not infre- 
quently retains its long spines. This limestone layer is seldom over an 
inch or two in thickness. Other thin beds occurring in the lower 10 
feet of the shale are made up of the shells of Spirifer mucronatus var. 
arkonensis, and not infrequently contain Tentaculites attenuatus and other 
fossils. 

The following fossils were found in bed number 4: 


4. Cryphzus boothi Green. 41. Pterinea flabella (Conrad). 

8. Primitiopsis punctulifera Hall. 71. Chonetes lepida Hall. 

19. Tentaculites attenwatus Hall (var.). 74. Chonetes scitula Hall. 
20. 7. ef. gracilistriatus Hall. 113. Ambocelia umbonata (Conrad). 
21. Styliolina fissurella Hall. Crinoid joints. 


The following species were found in the coral layer (bed 3) of See- 
tion E: 


3. Phacops rana Green. 79. R. penelope (Hall). 
4. Crypheus boothi Green. 84. Camarotechia thedfordensis Whit- 
8. Primitiopsis punctulifera Hall. eaves. 
27. Platyceras arkonense 8. and G., ex- 87. Leiorhynchus laura (Bill.). 
treme old age form. 97. Atrypa reticularis (Linn.). 
28. Platyceras subspinosum Hall. 103. Spirifer mucronatus (transition 
30. Platyceras quinquesinuatum Whit- forms). 
eaves. 111. Cyrtina hamiltonensis Hall. 
31. Orthonychia conicum (Hall). 116. Rhynchospira eugenia ( Bill.). 
41. Pterinea flabella (Conrad). 126. Intrapora elegantula (Hall). 
64. Pholidostrophia iowaensis (Owen). 162. Botryllopora socialis Nicholson. 
65. Leptostrophia perplana (Conrad). 163. Hederella canadensis (Nich.). 
75. Chonetes vicinus (Castlenean), 165. H. filiformis (Nich.). 
78. Productella ef. productoides (Mur- 186. Nucleocrinus elegans (Conrad). 
chison). 209. Trachypora elegantula Bill. 


79. Rhipidomella sp. , 211. Cladopora cf. fischeri (Bill.). 


‘ 
‘ 
‘ 
' 
‘ 


at 
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212. Cladopora frondosa (Bill. ). 227. Cyathophyllum conatum Hall. 

213. Cladopora roemeri (Bill.). 229. Heliophyllum exiguum Bill. 

214. Striatopora linneana Billings. 230. H. halli E. and H. 

216. Roemeria ramosa Whiteaves. 231. H. tenuiseptatum Bill. 

217. Favosites digitata Rominger. 233. Craspedophyllum subcespitosum Nich- 
218. F. placenta Rom. olson. 

219. F. clausa Rom. 237. Cystiphyllum vesiculosum Goldfuss. 
220. F. turbinata Bill. 238. C. conifolle Hall. 

221. F. billingsi Rom. 241. Astrospongia hamiltonensis M. and 
225. Zaphrentis prolifica Billings. W. 


226. Cyathophyllum ef. zenkeri Bill. 


In the Encrinal limestone Spirifer sculptilis Hall and Fuvosites turbinata 
Billings were found. 

The following list of species was obtained from the lowest beds in this 
section : 


3. Phacops rana Green, 74. Chonetes scitula Hall. 
12. Goniatites uniangularis Conrad. 87. Leiorhynchus laura Bill. 
13. Bactrites obliqueseptatus var. arkonense 104. Spirifer mucronatus var. arkonensis 
Whiteaves. S. and G. 
19. Tentaculites attenuatus Hall (var.). 111. Cyrtina hamiltonensis Hall. 
24. Platyceras bucculentum. Crinoidal joints. 
27. Pl. arkonense 8. and G. 163. Hederella canadensis (Nich.). 
32. Diaphorostoma lineata (Conrad). 196. Arthroacantha punctobrachiata W il- 
61. "Stropheodonta demissa (Conrad). liams. 
64. Pholidostrophia iowaensis (Owen). 223. Microcyclus discus M. and W. 


The following were found in the talus, and probably came from the 
coral layer: 


1. Aspidychthus notabilis Whiteaves. 112. Cyrtina hamiltonensis var. recta Hall, 
3. Phacops rana Green. 118. Athyris fultonensis (Swallow). 
52. Paracyclas lyrata (Conrad), probably 148. Polypora arkonensis 8S. A. Miller. 
from the lower shales. Fistulipora sp. 
79. Rhipidomella penelope Hall. 206. Ceratopora intermedia (Nich.). 
80. Rhipidomella vanucemi Hall. 217. Favosites digitata Rom. 
85. Camarotechia horsfordi Hall. 225. Zaphrentis prolifica Bill. 
97. Atrypa reticularis (Linn.). 231. Heliophyllum tenuiseptatum Billings. 


105. Spirifer mucronatus var. thedfordensis 237. Cystiphyllum vesiculosum Goldfuss. 
S. and G. 


DiscussION AND CORRELATION 
DISCUSSION 


Calvin in 1888 called attention to the three-fold division of the Ham- 
ilton beds in the Thedford region. He considered the thickness of the 
beds accessible to observation to be 200 or 250 feet, and noted the fact 
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that the characteristic species of each of the three divisions are restricted 
to it. He makes the middle or coral zone thicker than it really is, for 
the total thickness of this division, inclusive of the Encrinal limestone, 
is only a little over 5 feet in both localities where its entire thickness is 
shown. The characteristic corals appear to be entirely confined to these 
beds, occurring chiefly in the shales above the Encrinal limestone. They 
are often found on the talus slopes below this level, but we did not 
observe them above this horizon, where their place is taken by the Alcy- 
onarian corals. Logan * mentions an exposure “ on the twenty-fifth lot 
of the fifth range of Bosanquet,” which furnished the characteristic fossils 
of the coral layer and which he considered as probably above those found 
in the third range, where he finds about 100 feet of shales overlying the 
Encrinal limestone. This latter section is probably the one found in 
Rock glen, though our measurements show less than 50 feet of shales 
and caleareous beds above the Encrinal limestone. It is safe to say that 
the outcrop of the coral zone mentioned by Logan as occurring on the 
twenty-fifth lot of the fifth range (which we believe to be the same as that 
described under Section B, though we have no map to verify this) is not 
above the Rock Glen beds, but is equivalent to the Encrinal limestone 
and the coral-bearing shales immediately above, both of which are near 
the middle of the Rock Glen section. 

Our measurements at Rock glen give a trifle less than 38 feet of shales 
above the Encrinal limestone, succeeded by about 9 feet of calcareous 
beds. There may be other beds above these calcareous ones which 
we have taken no account of, and thus the total thickness of the Upper 
Hamilton beds exposed on the Riviére aux Sables and its tributaries may 
be 102 feet, as given by Logan. 

In the Rock Glen section we found the coral layer (bed 3) 3} feet thick, 
resting directly on the Encrinal limestone. At Bartlett’s mills (bed 3) it 
has the same thickness and position. At the Brickyard (Section C, bed 5) 
only 2 feet are exposed, this being the highest bed shown here. ‘The 
thickness of the coral layer at Section B could not be ascertained, but it 
holds the same relation to the Encrinal limestone as at the other local- 
ities. It is not exposed at the railroad cut at Thedford (Section A), 
where it probably occurs at a distance of about 15 feet below the level 
of the railroad track. 

Twenty-six and a half feet above the coral layer at Rock glen, or nearly 
30 feet above the Encrinal limestone, occurs a two-foot shale bed in which 
Spirifer mucronatus var. thedfordensis is most abundant (8a). The only 
other exposure of this bed is in the railroad cut near the middle of Section 


* Page 385 of his 1863 report. 
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A, where, as nearly as can be ascertained from the overgrown character of 
the exposure, it has a thickness of about 4 feet. This Spirifer is by no 
means confined to this bed, for it is abundant in the coral layer at Section 
B,and at Bartlett's mills, though it is not always possible to decide what 
proportion of individuals may have come from the weathered beds just 
above, where this variety is not uncommon. 

The highest bed (number 5) exposed at Bartlett’s mills represents only 
the lower part of bed 5 of the Rock Glen section, while bed 4 is found in 
both localities, retaining its lithic and physiographic features. 

In the Rock Glen section, about 6 feet above the bed where Spirifer 
mucronatus var. thedfordensis is abundant, the calcareous beds with Cera- 
topora begin. In the Thedford section (Section A) the interval between 
the Spirifer beds and the calcareous Ceratopora beds is about the same, 
though from the unsatisfactory character of the section precise measure- 
ment was not possible. There can be little doubt, however, that the 
upper calcareous beds of Section A and those of Section D are equiva- 
lent, and they have been numbered accordingly in the sections. 

Beds number 7 and 8, which are recorded with a combined thickness 
of 10 feet at Section A, are at Section D divided into 8 feet of shale and 
18 inches of argillaceous limestone. Only about 10 feet of bed 6 are ex- 
posed at Section A, while its thickness in Rock glen is 18 feet. 

It thus appears that the section near Thedford station (A) represents 
the upper part of the Rock Glen section, stopping in the lower part of bed 
6. At Section B the succession is carried downward through the En- 
crinal limestone. The characters of this latter rock are not well exhibited 
at Section B, but at Sections C, D.and E—the Brickyard, Rock glen, and 
Bartletts mills respectively—it is well shown. In each of these expos- 
ures there is a bed of fissile bituminous shale intercalated in the lower 
part of the limestone. At the Brickyard this bed is from 2 to 4 inches 
thick ; at Rock glen it is 3 inches thick, while at Bartlett’s mills it ranges 
up to 6 inches in thickness. This bed is generally filled with crushed 
specimens of Leiorhynchus. 

Among the characteristic fossils of the Encrinal limestone are Spirifer 
(Delthyris) sculptilis, Favosites turbinata, and Craspedophyllum archiaci. 
Of these Spirifer sculptilis has not been found by us outside of the Encrinal 
limestone. Tropidoleptus carinatus is also represented by a single speci- 
men from the Encrinal limestone in our collections. Spirifer divaricata 
was likewise found by us only in the Encrinal limestone ; RAipidomella 
penelope and R. vanuxemi also occur here. 

The lower Hamilton shales (bed 1) are exposed at the Brickyard, Rock 
glen, and Bartlett’s mills—Sections C, D, and KE respectively. At the 
Brickyard 15 feet are exposed; at Rock glen from 21 to 25 feet, while 
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at Bartlett’s mills about 30 feet are shown. The upper portion of this 
series contains few fossils, in so far as we were able to judge from our brief 
examination. Logan (page 382) mentions in his section on the Riviére 
aux Sables a 4-foot bed of shale containing “ Spirifer mucronatus and 
other fossils.” This we have not observed. We found, however, the 
talus below the Encrinal limestone covered with weathered-out speci- 
mens of Sp. mucronatus var. thedfordensis fallen from the upper beds. 

The most interesting portion of the lower shales is comprised within 
the lower 10 feet of the mass exposed at Bartlett’s mills. In this portion 
a number of calcareous layers are found, in which the most characteristic 
fossil is Spirifer mucronatus var. arkonensis 8. & G. For a description of 
this variety see below. This shell often constitutes thin beds in which 
scarcely any other fossil is to be found. It is entirely restricted to the 
lower shales (bed 1) and apparently to the lower 10 feet at Bartlett’s mills. 
It is not found at the Brickyard, where the section is not deep enough, 
nor has it been observed at Rock glen. 

Among the other fossils which appear to be restricted to the lower 
portion of this lower series are Platyceras arkonense, Arthroacantha puncto- 
brachiata, Tentaculites attenuatus var., and Baetrites obliqueseptatum var. 
arkonense. 

The following generalized section of the exposed Hamilton beds of 
the Thedford region is therefore derived : 


9. Calcareous Ceratopora and Bryozoa beds... 10.” 
Shales with Spiriter at the Dawe... 8.’ 
5. Calcareous shales and shaly blue 6./ 
4. Argillaceous limestone with Styliolina ...... 1.5’ 
1. Blue shales—lower Hamilton, the lower portion with calcareous fossil- 


This gives us 48 feet for the upper shales and calcareous beds and 30 
for the lower. We are not aware of any accurate determination of the 
total thickness of the Hamilton formation in Ontario. Logan (page 
387) cites a well record which gives a thickness of nearly 230 feet of 
Hamilton shales penetrated below 60 feet of drift without reaching the 
Onondaga limestone beneath, and he argues from this that the total 
thickness must be in the neighborhood of 800 feet. If this estimate is 
correct, we should expect to find the greater part of this mass below the 
Encrinal limestone, since we find the outcrop of the black bituminous 
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shales of the Upper Devonian at Kettle point, less than 15 miles west 
and but little south of the strike of the beds from Thedford. Thus the 
Upper Hamilton—that is, the beds above the Encrinal limestone—can 
not be very much thicker than the portion exposed. 


CORRELATION WITH HAMILTON BEDS OF EIGHTEEN-MILE CREEK 


Turning now to a comparison of the beds of Thedford with those of 
Eighteen-mile creek, New York, 130 miles to the east, we find that there 
is a close agreement in the thickness of the formation at the two locali- 
ties. Well sections, according to Prof. I. P. Bishop * (1895), show the 
thickness of the combined Hamilton and Marcellus to be 287 feet. The 
thickness of the Hamilton in that region is only 76 feet, giving a thick- 
ness of 211 feet for the Marcellus.t Thirty feet of the latter contain a 
mingled Hamilton and Marcellus fauna, and must be considered as 
transitional. If this is counted with the Hamilton, we have 106 feet of 
that formation and 181 feet of Marcellus. A ipwer Hamilton fauna 
existed temporarily during the early Marcellus tivie, while the Stafford 
limestone was accumulating with a thickness of 8 feet. 

The upper Hamilton (Moscow shale) of Eighteen-mile creek is 17 feet 
thick, and is divisible into two distinct faunas, each characterized by a 
Spirifer not found above or below. The upper fauna is characterized by 
Spirifer tullius, with which are associated Ambocelia preumbona and 
Schizobolus truncatus, both of which are unknown in the other faunas. 
Leiorhynchus multicostus (= L. laura) is also abundant. This fauna is 
found in the upper 4 feet of the Moscow shale. 

The next fauna is characterized by Spirifer consobrinus, and is limited 
to the lower 5 feet of the Moscow shale. In certain layers Ambocelia 
umbonata is extremely abundant. Between the two faunas are 8 feet of 
nearly barren shales. 

About 2 feet above the Encrinal limestone and within the zone of 
Spirifer consobrinus, occurs a thin coral layer to which nearly all the 
characteristic large rugose corals of this region are confined. Chief 
among these are Heliophyllum halli and Cystiphyllum vesiculosum. Favo- 
sites and Craspedophyllum have not been noted, but they occur in the 
Encrinal limestone, where also a few cup corals occur. Atrypa aspera 
is abundant and confined to this bed. 

The Encrinal limestone is less than 2 feet thick, and is characterized 
by a fauna of over 60 species. Of these, 19 are so far known to be 
restricted to this bed, though a number of others are among the char- 


* Structural and Economical Geology of Erie County, p. 390. 
+ Graban, 1898 (3). 
tJ. M. Clarke and Elvira Wood, Bull. 49, N. Y. State Museum, 1901. 
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acteristic species. Spirifer sculptilis is not known outside of this bed in 
the EKighteen-mile Creek region, and Tropidoleptus carinatus is best rep- 
resented in this bed, as is also Rhipidomella vanuxemi and Rh. penelope. 
In some localities Fuvosites billingsi is extremely abundant, occurring as 
heads often 2 feet or more in diameter. Heliophyllum confluens is also 
found here, as well as Craspedophyllum subcespitosum. Among other 
species restricted to this bed are: 


Pleurotomaria lucina Hall. Centronella impressa Hall. 
Plethomytilis oviformis (Conrad). Stropheodonta nacrea (Hall) ( Pholido- 
Goniophora modiomorphoides Grabau. strophia iowaensis) (Owen). 
Conocardium normale Hall. Spirifer granulosus (Conrad).* 


Vitulina pustulosa Hall. 


A few specimens very similar to Sp. mucronatus var. arkonensis have 
been found. 

The lower shales, 57 feet thick, are characterized by Spirifer mucronatus, 
which in the lower beds is chiefly mucronate, but higher up becomes 
more condensed laterally. With this species occurs the normal Hamil- 
ton fauna of New York, which is most abundantly represented in the 
lowest and the highest beds of this series.+ 

In attempting to correlate the faunas of the two localities the question 
of the synchrony of the Encrinal limestone of both at once arises. Cal- 
sareous beds and even beds of pure limestone are not unknown at vari- 
ous levels in the Hamilton strata of western New York and Ontario, 
We know of none, however, which have the thickness and lithic char- 
acter possessed by the Encrinal limestone of western New York, which 
has been traced over a wide area. At Thedford the limestone thus 
denominated has a similar thickness and lithic composition and texture, 
and there is no other limestone bed with which it can be compared. 
There are other beds of limestone, consisting, like the Encrinal, of com- 
minuted crinoid remains, but they are always quite thin. The compe- 
sition of the fauna of the Thedford Encrinal bed, so far as it has been 
ascertained, is, though meager, closely comparable to that of the Encrinal 
of western New York. In both regions Spirifer sculptilis is characteristic 
of it and is apparently restricted to it. The other species found in the 

‘nerinal limestone of Thedford are, with the exception of Favosites turbi- 
nata, characteristic of the Encrinal limestone of Eighteen-mile creek. 
None of them have been found in any of the other calcareous layers, 
where, had they existed in this region at the time of their deposition, 
they ought naturally to have occurred. Thus we believe it is not a true 


* For a complete account of these faunas, see Grabau, 1898, 
Grabau, 1898, 
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statement of the case to say that these species are merely facies markers, 
and that a limestone bed occurring at any level would be characterized 
by them. Furthermore, the Encrinal limestone in both regions marks 
the period when the corals Heliophyllum halli and Cystiphyllum vesiculosum, 
as well as the Favositids, made their first appearance. These, in the 
Thedford region, are most abundant in the coral layer just above the 
limestone, while in western New York the Favositids characterize the 
Encrinal limestone and the Cyathophylloid corals the coral layer above it. 

Sixty miles east of Eighteen-mile creek, in the Genesee valley, the 
Encrinal limestone has the same lithic and faunal characters, and the 
characteristic corals occur 5 feet above it.* One hundred and twenty feet 
higher up in the same section is another calcareous layer, but poor in 
fossils, and a short distance above this corals are again common. Ten 
feet higher another limestone bed with corals occurs. 

Although we have in the Genesee section a repetition of limestone 
beds and coral zones, we believe that the lowest of these is the equivalent 
of the Encrinal of western New York, for it is the only one which agrees 
with it faunally. We furthermore believe that the bed designated as the 
Encrinal limestone in the Thedford region is the stratigraphic equivalent 
of the bed known in New York by the same name. We believe that the 
facts warrant the assumption that the bed thus designated could, if ex- 
posures were sufficiently numerous, be traced with little or no interrup- 
tion from the Genesee valley to Theu*® rd and beyond. 

If we accept the stratigraphic equiv acy of the bed in question we are 
enabled to make comparisons betwe the lower and upper beds of the 
Thedford and Eighteen-mile Creek r.. ions. As far as we can judge from 
our collections, the lower beds of Eighteen-mile creek are richer in species 
than the corresponding ones at Thedford. In both cases, however, the 
characteristic Spirifer is a variety of S. mucronatus, which has not departed 
far from the primitive mucronate type which was the radicle of the group 
of varieties classed under this name. In the Eighteen-mile Creek region 
the mucronate type occurs, though chiefly in the lower beds. A modi- 
fied form, which resulted through an increase in height, with but a mod- 
erate increase in width, still retaining the characteristic plicated sinus 
and impressed fold, takes its place in the upper beds. In the Thedford 
region, on the other hand, the primitive characters were retained longer, 
thus producing a wide, much plicated form, as discussed below. This 
species retains the mucronate character until it is near the adult stage, 
when the characteristic change in growth appears. We might from this 
perhaps expect to find the normal form of S. mucronatus, which never 


* Clarke and Luther: Livonia salt shaft. 
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passes beyond the mucronate stage, in the lowest beds of the Thedford 
region, but unfortunately these are not exposed in this locality. 
Whether or not any portion of these lower beds carries the character- 
istic Marcellus fauna of New York is, of course, not known. Logan 
(page 385) mentions a bed of black shales holding Stropheodonta inequi- 
striata, Atrypa reticularis, and Chonetes in the bottom of a ravine at Aus- 
tin’s mill. These beds he states to be 50 or 60 feet below, the Encrinal 
limestone, and suggests that they ‘“‘may possibly indicate the passage 
which occurs in New York between the Marcellus and Hamilton shales.” 
The abrupt cessation of the long-winged Spirifer mucronatus and the 
equally abrupt appearance of the short-winged variety suggests that the 
former became extinct or was driven out from this region, while the 
latter immigrated from some other locality, where it had developed. In 
this connection the occurrence of a few specimens of the variety arko- 
nensis in the Encrinal limestone of western New York is interesting.* 
So far as has yet been determined, Spirifer sculptilis is confined to the 
Encrinal limestone of western New York and Canada, though in the 
Genesee valley it occurs above the Encrinal limestone. 
The order of appearance of the diagnostic Spirifers is, so far as is at 
present known, as follows : 


Thedford Region. Western New York Region. 
1. ?S. mucronatus (radicle) ? 1’. S. mucronatus (radicle) 
(mucronate) not found. (mucronate). 
2. S. mucronatus arkonensis 2’. S. mucronatus (short-winged, high, 
(long-winged, non-mucronate). non-mucronate). 
3. S. sculptilis. a J 8. sculptilis. 
a, S. mucronatus thedfordensis. * US. mucronatus arkonensis. 
4. b. S. consobrinus. 4’. S. consobrinus. 


5’. S. tullius. 


The occurrence of S. consobrinus in the Thedford fauna is noted by 
Schuchert, who refers it to the “ middle third.” This undoubtedly is 
the coral layer. 

As far as our study of the Thedford fauna throws any light on the ques- 
tion of the direction of migration of the Hamilton faunas within the 
intercontinental Hamilton sea, a general eastward migration seems to be 
indicated. There appear to be exceptions to this, however. One of 
these is S. mucronatus thedfordensis, which is most naturally derived from 
the short-winged and high variety of S. mucronatus, characterizing the 
upper Lower Hamilton of western New York. Again, Tropidoleptus cari- 
natus is represented in our collections by a single specimen from the En- 


* Grabau, 1898, 
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crinal limestone of the Thedford region. Whiteaves mentions collecting 
at Thedford a few specimens without stating the precise horizon. The 
species is common in and just below the Encrinal limestone of western 
New York, and is also found in the lowest true Hamilton beds of that 
region. On the other hand, it is unknown below the Encrinal in the 
Genesee valley, but common above it. This indicates an eastward 
migration.* It is not impossible that the species exists in beds below 
those exposed at Thedford. 


Nores ON SOME OF THE HAMILTON SpkEcIES FROM THEDFORD AND 
VICINITY 


CERATOPORA INTERMEDIA (NICHOLSON) AND C. NOBILIS (NICHOLSON) 


An examination of sections and silicified specimens of Nicholson’s 
Syringopora intermedia from the type locality at Thedford proves this to 
belong to the genus Ceratopora defined by Grabau in 1899. A larger 
species of the same genus occurring with this, but in less abundance, 
has been identified with Nicholson’s Syringopora nobilis. 

These corals characterize the upper calcareous beds of the exposed sec- 
tions at Thedford and Rock glen, where they are not infrequently silici- 
fied. C. intermedia also occurs in the coral layer. 


HELIOPHYLLUM HALLI E. AND H. 


In his recent- monograph on the corals of Ontario, Lambe refers the 
species of Heliophyllum to Cyathophyllum, discontinuing the genus.f 
He gives no reason for this, and we can only gather that he does not 
consider the presence of carine a sufficient characteristic for generic 
differentiation. 

A number of sections of characteristic specimens of Heliophyllum halli 
EK. and H. from the coral layer of Thedford and vicinity have shown 
that in its young stages H. halli has the characters of a Cyathophyllum, 
the septa being without carine. The age of appearance of carinw varies 
in different individuals, according to the degree of acceleration which 
they have experienced in their development. A cross-section of a young 
individual, measuring 30 millimeters across the calyx, and well supplied 
with caring, was made about 12 millimeters below the calyx, where the 
diameter was from 12 to 15 millimeters. It shows no carinz whatever. 
The principal septa unite near the center, and the interseptal loculi are 
well supplied with dissepiments, indicating vesicular tissue. The speci- 
men is a rapidly expanding one, and the number of carinz on each 


*Grabau (1), 1898, p. 329. 
+ Contributions to Canadian Paleontology, sec. 4, pt. ii, 1901, 
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septum in the calyx is 10 or more, decreasing in strength toward the 
center. 

Another young individual, in which the carine are weakly developed 
ina calyx about 25 millimeters in diameter, was sectioned about 20 
millimeters below the calyx. The greatest diameter of the section is 9 
millimeters; carine are absent, though ina few septa slight thicken- 
ings near the margin indicate the beginning of these carine. 

A cylindrical specimen, also young, has a diameter of about 20 milli- 
meters at the calyx, and the septa supplied with carinz in the outer 
zone, the central area of 10 millimeters diameter being free from them. 
The fossula is well developed. A section of the early stage with the 
greatest diameter of 12 millimeters shows asingle well developed carina 
on each septum just within the peripheral margin, and on some of the 
septa another carina within this, or a slight thickening marking the 
beginning of a second carina. The four primary septa join in the center. 
Another section 23 millimeters in diameter shows the peripheral zone 
supplied with 4 or more rows of carinz and a few weaker ones nearer 
the center. 

A more accelerated individual shows in a section 13 millimeters in 
greatest diameter as many as 7 carinw on the septum, the strength de- 
creasing toward the center, while another of the same diameter shows 
only 2 or 3 caring on each of the larger septa. 

It thus appears that in individuals which are highly accelerated the 
“uring: appear early in life, while in others they appear late. In some 
individuals, which are but little removed from the ancestral Cyathophyl- 
Jum, the carinze may not appear until the adult stage is reached. This 
gives us a basis for specific differentiation. H. halli is accelerated, the 
caring appearing early. The more primitive types should be separated 
specifically from this species. Now, instead of deriving an argument 
for generic union from this evident relationship, we have a good basis 
for generic separation. Beyond question, Heliophyllum as represented 
by H. halli has been derived from Cyathophyllum, for in its youthful 
stages it still retains the characters found in the adult of typical Cyatho- 
phyllum, such as C. helianthoides Goldfuss; but it has passed beyond 
the Cyathophyllum stage and aequired new characters in the carine, 
and therefore in any refined phylogenetic classification is entitled to 
generic rank. 

LEIORHYNCHUS MULTICOSTUS HALL, L. LAURA BILLINGS, AND L. HURONENSIS 
NICHOLSON 


A number of well preserved specimens of Leiorhynchus were obtained 
from a calcareous bed above the Encrinal limestone, but the exact posi- 
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tion of which has not been ascertained. The plications on these shells 
are in general less prominent than in the figure of ZL. laura given by 
Billings (1860), the young being entirely free from either plications or 
fold and sinus. In the adult the number of plications is sometimes as 
high as five on either side of the sinus in the pedicle valve, but is gen- 
erally much less. The sinus bears a variable number of plications, four 
being frequent, but as many as six faint and irregular ones have been 
found. On the other hand, three or in rare cases two or one (?) occur. 
New plications generally appear in the adult portions of the shell by 
bifurcation of the existing ones, or sometimes by intercalation of new 
ones. Those individuals in which a large number of plications ex4st 
in the adult stage may be considered as more accelerated than those in 
which the number remains smaller. The number of plications on the 
fold is in general proportional to that in the sinus. In what appears to 
be the least accelerated shell found, one strong plication occupies the 
center of the sinus, and corresponding to it there is one deep depression 
in the fold. On one side of this central plication a minor one occurs 
and reaches about two-thirds to the beak. On the other side the corre- 
sponding plication has just appeared near the front of the sinus. The 
shell in this case is an adult. A somewhat more accelerated individual 
has a strong central plication with a minor lateral plication on each 
side, the lateral ones not reaching as far as the central one. 

Nicholson and Schuchert consider laura Billings and R. multcostus 
Hall synonymous, while Hall and Clarke * consider them distinct. 
These authors figure a specimen of the pauciplicate form above described 
as R. laura, but a reference to Billings’ figure shows that he used a mul- 
tiplicate form as the type of his species. This type occurs abundantly in 
a crushed condition in the bituminous shales, intercalated in the Encrinal 
limestone. ‘The plications extend nearly to the beak, and, as far as can 
be judged, the shell is proportionally broader than that of the lime- 
stones. This variety is identical with the New York species, and appears 
to be the one described by Billings, thus having priority over ZL. multicostus. 

The shell from the calcareous layers above described and figured by 
Hall and Clarke as LZ. laura we believe to be identical with L. huronensis 
Nicholson.t The figured individual is more elongate proportionally 
than the majority of our specimens, while the width is the same. The 
young of these shells are all proportionally wider than the adult, being 
in one stage wider than high, while in the adult the proportion of width 
to length is about 9 to 19 or even relatively narrower. The propor- 
tional increase of width to length in adult and old age individuals is 


* Paleo: tology of New York, vol. 8. 
+ Paleontology of Ontario, 1874, page 90, figure 28, 
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slight and augments the thickness of the shell rather than its width. 
Thus an old age individual may well have an elongated form without 
increasing much in width, and at the same time become bulging and 
the beak sufficiently incurved to conceal the foramen. 

While ZL. laura is chiefly restricted to the shale layers within the 
Encrinal limestone, a few representatives occur higher up in the upper 
shales. ‘Two specimens from Thedford agree essentially with Billings’ 
figure—the plications are numerous and continue to near the beak, and 
the width is approximately equal to the height. The prevailing form 
in the upper beds appears to be L. huronensis, which might be considered 
as a passage form to the pauciplicate Upper Devonian species. 


SPIRIFER MUCRONATUS VAR. ARKONENSIS VAR. NOV. 


This well marked variety characterizes the lowest beds exposed at 
Bartlett’s mills. It is extremely elongated laterally, reaching a width 
ranging to 70 or 75 millimeters, with a corresponding height of 15 to 18 
millimeters. A typical individual measures 63 millimeters in width by 
14 millimeters in height. Another measured 56 or 58 millimeters in 
width by 16 in height. The wings, though much attenuated, are not 
mucronate in the adult stage, but the frontal margin forms a straight 
line from the fold or sinus to the extremity. The umbonal portion of 
the pedicle valve is but slightly elevated above the hinge line. The 
hinge area in some of the larger specimens has a height of from 2 to 24 
millimeters at the delthyrium, but gradually narrows toward the ex- 
tremities. The hinge line of the brachial valve is linear, and extends 
the entire width of the shell. The median fold invariably bears a de- 
pression, which is often quite strongly marked, and in rare instances 
is only a flattening. Corresponding to this is a more or less strongly 
marked median plication in the sinus, though at times this is merely 
indicated by a slight emargination of the lines of growth. The plica- 
tions are numerous and strong, decreasing very gently in width toward 
the lateral extremities. In the adult there are 30 or more on each side 
of the fold and sinus. They are rounded at the summit, and are sepa- 
rated by narrower interspaces. Concentric lines of growth are quite 
strongly marked, and are somewhat inequally distant, and generally 
most pronounced in the interspaces. Toward the cardinal line all the 
plications become obsolete, except those margining the fold and sinus. 
The non-plicate portion along the hinge line is generally marked by fine 
longitudinal strie, which are very numerous and somewhat irregular. 
The cardinal process is strongly and regularly striated. The median 
septum of the brachial valve is moderately developed, and a faint septum 
occurs in the pedicle valve. 
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In tracing out the successive stages in the development of this variety 
by means of the growth lines, it becomes apparent that in the stage im- 
mediately preceding the adult stage, individuals of this variety are 
strongly mucronate; this mucronation becoming obsolete only by the 
addition of later lamelle in the adult stage. At a still earlier stage the 
mucronation does not exist, the shell terminating in regular acute angles, 
and still earlier in right or rarely obtuse angles. In the earliest stage 
observed, the shell appears to have been striate, in addition to the few 
plications, but these strize are seldom well preserved. In a few cases in 
individuals which have almost the size of the adult, the mucronate 
character of the earlier stage persists, this being due to a retarded devel- 
opment. In these therefore the more primitive features are retained 
throughout the life of the individual, which thus never passes beyond 
the normal characters of the primitive type. Such primitive forms char- 
acterize the lower Hamilton shales of northeastern Michigan, these 
never acquiring the elongate, non-mucronate, and multiplicate stage 
characteristic of the variety arkonensis. 

Throughout the Hamilton strata of New York individuals occur which 
are mucronate in their adult stage ; these when not primitive, as is prob- 
ably the case with those in the lower strata, are examples of a retarded 
development, the retardation affecting the individual or group of indi- 
viduals (placed, perhaps, under unfavorable conditions) and not the 
species. 


SPIRIFER MUCRONATUS VAR. THEDFORDENSIS VAR. NOV.* 


This variety is characteristic of the upper beds of the Hamilton group 
in the Thedford region, being entirely unknown below the Encrinal 
limestone. It is more than a local mutation, for it represents a distinct 
and decided advance in development of the typical form of that species. 
This is shown by a study of its development, for the shell passes through 
a series of transformations, which include a stage in which the imma- 
ture shell has all the characters of an adult form of the primitive 8. 
mucronatus. As in all varieties of this species, the earlier (nepionic) 
stage is non-mucronate and with a few plications only. At a compara- 
tively early stage the mucronations appear, increasing in strength until, 
in the adolescent (neanic) stage, the shell is extremely mucronate and 
the fold of the brachial valve has a distinct median depression, while 
the flattening or emargination in the lines of growth in the median sinus 
of the pedicel valve indicates the persistence during this stage of the 
median plication characteristic of the primitive S. mucronatus. 


* Although this name is frequently used by collectors and students, we have been unable to find 
itin print anywhere. 
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While in variety arkonensis of the lower beds this condition persists 
for a long time, thus producing the elongated form, in var. thedfordensis 
the mucronate stage is comparatively short. After a certain time the 
shell no longer increases in width to an appreciable amount, but ad- 
dition is chiefly made to the front, so that the frontal margin on either 
side of the center changes from a concave to a straight and finally convex 
outline, the shell at the same time increasing in height and convexity. 
Since the additions are all made to the anterior margin, no new plications 
appear, the number being about the same as that found on the young of 
variety arkonensis of the same width or somewhat less. With the dis- 
appearance of the mucronations in the young of variety thedfordensis, 
the depression in the fold and incipient plication in the sinus also dis- 
appear; the shell becomes extremely robust, the fold and sinus as well 
as plications and concentric lamelle becoming strongly pronounced, 
This, together with the unusual abundance of this variety in these upper 
beds, indicates that the species had become well adapted to its environ- 
ment. Even within this variety there is considerable variation ; this 
in one case is due to extreme acceleration which produces a transversely 
short and thick-set form, the mucronate stage having been passed through 
rapidly and the number of plications as a result being small. On the 
other hand, a retarded development would cause a prolonged mucronate 
stage which gives the shell an extended character with acute, or in some 
sases of extreme retardation, slightly mucronate extremities. In these 
extended individuals the number of plications on either side of the fold 
or sinus ranges from 15 to 20, while, on the other hand, in the short- 
winged forms the number is not over 10 and sometimes even less. In 
the long-winged varieties the flattening or median depression of the fold 
is generally somewhat longer retained than in the short-winged ones, as 
might be expected. Occasionally the mucronate stage becomes extremely 
condensed, through acceleration in development, so as to be almost en- 
tirely eliminated ; no specimen, however, in which this stage was alto- 
gether eliminated has been observed. A few specimens showing old age 
features have been found; in these new lamellie have been added, 
which, however, scarcely extend beyond the frontal margin of the adult. 
Thus no further increase in height is effected, but a great thickening 
of the anterior margin, marked by numerous lamelle, is produced. In 
the New York Hamilton an accelerated variety of Spirifer mucronatus, 
which simulates in form the Thedford species, is very common; in this 
the early stages are very similar to the Thedford variety, but the plicated 
sinus and sinuate fold are in general retained throughout, thus indicat- 
ing a less degree of acceleration. The New York variety, too, is less 
robust, and the concentric lamell are less strongly marked and less 


regular. 
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In the interior of the pedicle valve is usually found a faint median 
septum which divides the muscular area; this, though not so strong ¢ 
that of Sp. consobrinus, is nevertheless of the same type, and appears to 
mark the relationship between that species and the variety thedfordensis. 

In the following table measurements of three stages in development 
of this variety—that is, the early or nepionic,* the youthful or neanic, 
and the adult or ephebic—are given, the actual height and width being 
first considered and after that the proportional width, the height being 
taken as unity. The nepionic is considered to be the stage when the 
shell is non-mucronate, the measurement being taken at the last line of 
growth preceding the mucronation. The neanic stage is the mucronate 
stage, the measurements being made at the stage of extreme mucrona- 
tion. The ephebic is the measurement of the adult. 

The average proportional width of the adult ranges from 1.5 to 2. A 
few individuals fall below that, and these represent extreme acceleration. 
They are numbers 19, 22, 30, and 56. Number 19 is the most acceler- 
ated of these, the proportional width of the adult being 1.2, while that 
of the neanic is as low as 1.96, showing that the adult characters were 
early acquired, the mucronate stage being relatively short. The speci- 
men is a short, rotund individual. 

Examples of unusual retardation are found in numbers 2, 6, 7, 10, 16, 
17, 38, 49, 50, and 59, or in all those in which the proportional width is 
above 2. Eliminating both accelerated and retarded individuals, we get 
an average proportional width for the remaining of 1.85. Number 16, 
with a proportional width of 2.51, and number 38, with a proportional 
width of 2.4, represent extremes of retardation. They are comparable 
to accelerated individuals of the normal S. mucronatus. Their extrem- 
ities are extremely acute, but not mucronate. Number 14 is a young 
individual. 

From an inspection of the tables it appears that the average propor- 
tional width for the neanic stage ranges from 5.2 to 4.2, nearly 75 per 
cent falling within this limit. Of these the average proportional width 
is 3.8. The following thirteen are strongly accelerated in this stage: 
Numbers 5, 12, 15, 19, 22, 28, 30, 36, 39, 48, 47,55, and 56. Of these 
number 19 is the most accelerated, as already noted, having a propor- 
tional width of only 1.96 in this stage. Examples of unusual retardation 
in this stage are seen in numbers 9, 18, 26,48, and 57. Of these number 
18 is the most retarded, with a proportional width of 4.9, and numbers 
48 and 57 are next, with a proportional width of 4.7 each. The average 
proportional width of 6 normal adult S. mucronatus from Michigan was 


* For this terminology see papers by Hyatt, Jackson, Beecher, and others. 


XXVI—Butt. Grow. Soc. Am., Von. 13, 1901 
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2.9, though rising as high as 3.2 and falling as low as 2.6. The average 
proportional width of 9 individuals of S. mucronatus var. arkonensis was 
found to be 3.9, though rising as high as 4.5 and falling as low as 3.5. 
It thus appears that the average neanic S. mucronatus thedfordensis is 
more extended proportionally than adult S. mucronatus, plainly ap- 
proaching the adult of S. mucronatus arkonensis. The adults of the three 
varieties stand as follows: S. mucronatus thedfordensis, 1: 1.85; S. mucro- 
natus, 1: 2.9, and S. mucronatus arkonensis, 1 : 3.9. 

The following table shows the actual width and height, proportional 
width, and number of plications in each of three principal stages of 
development in Spirifer mucronatus var. thedfordensis 8. and G.: 


Eruesic. NEANIC. NeEpronic. 

| 

|| | 2 || = 2 
| | | = ws |= 
= | | | | | 
= 2 = = i2ii 2 

| | | 
1 | 39. | 205] 19 | 13 34.6 | 9.7 | 8. | 45 | 1.77] 6 
2 | 41. | 20. | 205/12) 37.5] 92] 407/11] 88] 3 | 290] $ 
3. || 37. | 205] 1.80] 14) 34 | 10. | 340/12) 7.8] 38] 205] 8 
4 | 37.5] 19.2] 1.95] 14 | 33.3); 9.7] 3.43/10] 41] 27 151] 6 
5 | 3 18.2/ 1.70/13 28. | 98| 2.86/12] 10. | & | 2 | 8 
6 | 40. | 188] 213/12) 38 | 91] 417! 102! 44] 2.30] 6 
7 || 35.8] 16.8] 2.13/12) 34 | 10. | 340/11] 11.8] 67 | 1.76] 7 
8 | 38.5] 20. | 1.93] 14 34 | 9.6] 3.54] 10 | 8 | 4.1 | 195] 6 
9 || 32.2] 165] 1.84/12 | 236] 66] 433} 9] 45] 1.85] 7 
10 || 38. | 16.2 | 2.35 14 35.6) 89) 4. 11 || 7.4] 33 | 224] 8 
11 || 22.3] 148) 1.50] 11 30. | 8.2) 366/10) 5& | 29] 172] 4 
12 | 39.2] 19.6} 2 35.7] 1. | 325} 9] 9 | 46/195] 6 
13 || 32.4] 189] 9) 202] 83] 357) 9] 6 | 36] 1.60] 5 
14 |} 35.2] 21.2) 1.70/11 | 33. | 9.5) 347] 7] 8 | 5.6 | 1.40] 6 
15 || 28. | 18.2| 1.54] 12) 2. | 89] 292| 84] 46] 1.83] 6 
16 | 46. | 18.3) 251 | 18 | 42.4] 11. | 3.85] 7.4] 3.7 | 2. 6 
17 | 39. | 18.1) 215] 13 364) 9.8 B71 13) 4. | 24] 1.66] 5 
18 || 30.2] 18. | 169/11) 364] 7.4] 7. | 35] 2. 6 
i9 | 28! 188/121] 9! 2.8] 106] 196) 9) 72] 44 | Les} 8 
20 | 344] 18.8) 183) 30. 8.5 | 3.53 11 84) 4 | 210) 8 
21 | 26.4] 17.6) 1.50] 11) 224] 62) 361) 9) 9 | 42) 214] 7 
92 | 23, | 20. | 140} 242 7.2| 3.36/10) 66] 3.2 | 2.06] 5 
23 || 40. | 214] 19 | 11) 366] 105) 35 | 8 | 52) 
%4 | 43. | 2213/2 | 15! 392! 109] 3.6 | 12 7.4 | 3.7 | 2 5 
|| 38. | 224] 1.70/12/ 9 | 39 | 9] 58! 36/16 5 
2 | 38. | 184] 206/11) 35. | 81/43 5.2] 29] 18 | 6 
28 | 36.2/ 19.7 / 1.80) 12) 34 | 118) 29 | 11] 112) 55 | 2. 8 
| 33. | 20. | 82] 8 135 | 8) s2| 43] 19 | 6 
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EPuesic. | NEANIC. | NEPIONIC. 
ela! ¢| 2 | 2182/3 
30 || 28 19.6 | 1.43 | 10, 22.4] 104/22 | 9] 13. | 61] 21 | 8 
31 |} 34.8] 17.3 | 2 | 12°] 32 9 | 35 |10] 7.4] 3.7] 2. 7 
32 || 37.8] 20.5] 1.8 | 13 || 33.2] 9.2] 3.6 9} & | 291 12 5 
33 || 41.6] 22. | 1.9 | 14] 39. | 93/42 42) 28) 15 | 7 
34 |) 30. | 20, | 1.95 | 13 | 37.2] 9.9] 3.76/10] 10 | | 2. 8 
35 || 33.4] 20.1) 1.7 | 12] 28) 7.7] 38 | 10] 64] 39/16 6 
36 || 32.6] 17.6] 1.9 | 10 || 18. | 6.6 | 2.7 8] 64] 4 1.6 5 
37 || 404] 1.9 | 12] 39 | 94/41 | 9] 10. | 44/23 7 
38 || 41.8] 17.8| 24 | 16] 364) 95/38 | 10) 56] 34/16 7 
39 || 35.6] 18.9] 1.9 | 3% | 1211/28 | 11} 64] 33] 19 7 
40 | 2 1} | 728/39 |} 66] 36)18 | 5 
41 || 37.8] 14 | 2.7 | 14] 358] 96/3.7 [12] 7.6] 33] 23 | 6 
2 || 326) 17.7) 18 | 234) 7.3) 38 | 9) 66) 39) 1.7 7 
3 32 | 186] 1.7 | 11] 262 10.5) 25 9) 7% | 41) 17 | 7 
44 164/16 21. | 62/34 56] 38] 15 | 5 
45 || 34.8/17.4/ 2. | 12] 89/34 56] 37/15 | 6 
46 || $6.2] 20. | 1.8 | 13] 31.2] 88/35 |13] 7. | 35] 2 7 
47 || 368] 19 | 19 | 11] 326/127) 26 6& | 35 | 7 
48 || 37. | 20. | 1.8 | 13! 324] 69/47 7 | 35] 2 6 
49 || 38 | 17.2) 22 | 15) 32 | 95) 34 | 10} 12. G1 | 2. 9 
50 41.2] 19.8] 21 | 392/10 | 39 | 11} 68] 36/19 | 6 
51 | 38.2 | 203/19 | 12] 334] 89/38 56] 32/18 | 6 
52 || 32.6] 192) 17 | 2. 69) 4 | 31] 16 | 5 
53 29.4] 19.2) 1.5 | 11] 27. | 7.51/36 | 4. 2. 7 
54 || 35. | 20 | 1.8 | 336] 88| 38 | 10] 7-4 | 38]19 | 8 
55 || 30. | 19.8] 1.5 7.8| 95129 | 471217 6 
56 || 26.4] 19 L4 | 9 | 21.6] 10.6 | 2. 8 8. 4.5 | 1.8 6 
57 || 42. | 2 | 13] 392] 82/47 | 7] 58] 4 15 | 7 
58+) 36.4) 19.8) 18 | 15 | 33. | 96) 34 7 | 2 7 
59 | 41. 22 3% | 108] 36 | 13 4.8 | 18 | 6 

| 


This variety is already well developed in the coral layer, where char- 
acteristic individuals occur. In this horizon the variation is perhaps 
somewhat greater than in the higher ones, if our collections adequately 
represent this feature. Along with normal individuals of variety thed- 
fordensis occur others, which retain the primitive mucronatus character 
for a sufficiently long period to permit their being classed under that 


species. These individuals are more elongate than the normal form of 


the variety thedfordensis, but they never reach the extreme elongation 
characteristic of variety arkonensis. The plicated sinus and medially 
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depressed or flattened fold are also retained for a long time. These in- 
dividuals of the coral layer therefore represent the connecting forms 
between the typical S. mucronatus and the shortened variety thedfordensis. 


PLATYCERAS ARKONENSE VAR. NOV.* 


The above name is proposed for the small spiny species of Platyceras 
which characterizes the lower beds of the Hamilton group at Bartlett’s 
mills and which has generally been considered identical with Hall’s 
P. dumosum rarispinum of the Onondaga beds. 

This species is characterized by its closely incurved apex, which has 
the features of the young Diaphorostoma, and may be referred to as the 
Diaphorostoma stage. It comprises about two volutions, the last of 
which, however, expands much more rapidly than the corresponding 
one in Diaphorostoma. The lines of growth in the early stage are per- 
fectly regular, and in most cases spines do not appear until the Diapho- 
rostoma stage is past. A small specimen, having the form and degree 
of coiling of this species, but without spines, was found in the lowest 
bed at Bartlett’s mills. What may be considered the adult portion of the 
whorl is broadly expanded, the aperture varies from oval to irregularly 
rounded, with a diameter sometimes exceeding 20 millimeters. The 
surface of the adult portion of the shell is furnished with tubular spines, 
which in some specimens have been found to have a length of 8.5 milli- 
meters, not counting the apex, which was broken off, and would have 
given a total length of perhaps 10 millimeters. The lines of growth on 
the adult portion of the shell are somewhat sinuous, though no pro- 
nounced emargination has been observed in any of the specimens. 

The characteristic features of this species are the closely and regularly 
incoiled beak (Diaphorostoma stage), and regularly, though rapidly, 
expanding adult portion of the shell with its strongly marked spines. 
The differences between this and the typical rarispinum from the Onon- 
daga limestone will be apparent on the inspection of the figures given 
by Hall.t The largest adult specimens of this species observed are about 
25 millimeters in length, though old-age individuals of much larger size 
oceur, as noted beyond. From the abundance of this species and its 
uniform size and characters, we must assume that these specimens rep- 
resent the normal adult characteristics, and that they are not young in- 
dividuals of a type which normally is of a larger size. 

A large individual, something over 40 millimeters in length, and the 
aperture, which is subquadrate, about 30 millimeters in diameter, has 
been found in the coral layer of the same locality—that is, 28 to 30 feet 


* 1874, Platyceras dumosum var. rarispinosum Hall (?) Nicholson; Paleontology of Ontario, page 
117, figure 52. 
+ Paleontology of New York, vol. v, pt. 2. 
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above the bed in which the normal representatives of this species occur. 
In form this is identical with the smaller typical species, representing 
merely a continuous and regular enlargement until it is more than twice 
the size of the normal individual. The number of spines found on the 
surface of this shell is proportional to the size, and they are scattered 
over the whole surface. This shell therefore is merely an extremely 
large individual of this species, developed under favorable conditions, 
and we do not believe that it is conspecific with rarispinum of the Onon- 
daga horizon. 


PLATYCERAS SUBSPINOSUM HALL* 


In the coral layer at Sections C and E were found specimens which have 
all the appearance of senescent (gerontic) individuals of P. arkonense. 
The specimen from the brickyard, Section C, is somewhat crushed, but 
has a length of over 40 millimeters. The young shell, up to a transverse 
diameter of 8 or 10 millimeters, has all the characteristics of P. arkonense, 
as found in the lowest beds at Bartlett’s mills, except that the spines are 
somewhat more nuimerous and crowded. The number of volutions in 
the young corresponds closely to that found in the lower beds. The 
transverse lines of growth are as strongly marked, or more so, than in 
that species, and in addition to these we find fine, regular, revolving 
lines subequidistant, and most noticeable between the strong lines of 
growth. On certain portions of the shell the lines of growth and the re- 
volving lines are equal in strength, thus giving a cancellated appearance 
to the surface similar to that found on the shell of Diaphorostoma lineata, 
In fact, except for the spines, the first 2! volutions are identical with 
the young Diaphorostoma lineata both in form and ornamentation. The 
revolving striz have also been noticed on some typical specimens of 
P. arkonense from the lower beds. 

Beyond this point the shell expands, though less rapidly than in the 
individual before noted. The spines become few and far between ; the 
lines of growth assume a strongly wavy appearance, indicating a sinuous 
margin, and this becomes most strongly pronounced in a somewhat later 
stage, where, a little to the right of the dorsum, a deep marginal notch 
is indicated by the abruptly backward deflected lines of growth. On the 
opposite side the lines of growth are strongly wavy, but no pronounced 
sinuation is formed. The last 10 or 15 millimeters of the shell are with- 
out the emargination, and the lines of growth in general are less sinu- 
ous, becoming almost straight at the aperture. In the portion of the 
shell immediately succeeding the spiny stage the revolving lines are well 
marked. These gradually become obsolete toward the front, where also 


* Compare Platyceras thetis var. subspinosum Hall. Paleontology of New York, vol. v, pt. 1, plate 3, 
figure 30. 


| 
} 
| 
“4 
| 
} 
| 
e 
ul 
=) 
t ‘ 
y 
4 
- q 
1 
- 
, 
} 
} 
4 


178 SHIMER AND GRABAU—HAMILTON GROUP OF THEDFORD 


the spines have almost disappeared. This last portion of the shell com- 
pares well with P. thetis var. subspinoswm, as figured by Hall, except that 
the strongly marked notch is not shown in that specimen. 

The specimen from the coral layer of Bartlett’s mills has the original 
form well preserved. Its earliest stages are strongly spinous, even in the 
Diaphorostoma stage, showing thus a high degree of acceleration. The 
spines on the surface of the later stages are more numerous than is the 
case with the specimens from Section C. The strong emargination to 
the right of the dorsum is well marked in the adolescent (meanic) stage 
of this specimen, but finally becomes obliterated. The margin of the 
adult stage is gently sinuous. Where the surface is well preserved, the 
revolving lines of growth are visible in the adolescent stage, and there 
are faint indications of them in the adult stage. 

A similar specimen from Eighteen-mile creek, apparently from the 
Encrinal limestone, occurs in the collection of the geological department 
of Columbia university. The apex of this specimen is somewhat less 
enrolled than in those from Thedford, and the spines are fewer in num- 
ber and most abundant on the young shell. The lines of growth have 
a similar wavy character, and the sinuation, though less pronounced, 
occurs to the right of the dorsum. Owing to the somewhat imperfect 
preservation, it is impossible to say whether the revolving lines existed 
on this specimen. Nevertheless, there are faint indications of them. 

In identifying these shells with Hall’s P. thetis var. subspinosum from 
Canandaigua lake, we propose to raise this to specific rank, since we do 
not believe that this form has been derived from P. thetis. In fact, as 
already noted, the derivation from P. arkonense is clear, and the direct 
derivation of both from Diaphorostoma lineata (Conrad) is not improbable 
in spite of the existence of spines in the “ Platycers.” 

In this connection some Devonian Platycere from Iowa are suggestive. 
A young shell has the general form of the typical P. arkonense, except 
that the last whorl enlarges somewhat more rapidly. The spines are 
very few and are restricted to the dorsum. The lines of growth near 
the aperture are wavy, there being a few faint longitudinal plications. 
Some of the larger specimens associated with this show a series of longi- 
tudinal plications similar to those of P. thetis, but the apex is more 
enrolled and the aperture is more oblique. The spines have become 


obsolete. 

With this occurs associated a perfect, regularly coiled, non-spinous 
individual with regular lines of growth and in form a typical Diapho- 
rostoma, except for the rapid enlargement of the body whorl. That 
Diaphorostoma is ancestrally related to these species of Platyceras can 
not be doubted, and since similar relations exist between Lower Devo- 
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nian Diaphorostoma and Platyceras, the question arises whether the so- 
called genus Platyceras may not be of polyphyletic origin. 


PLATYCERAS THETIS HALL 


The specimens referred to this species have a very short Diaphoros- 
toma stage, and the coiled apex is free from the main body whorl. The 
surface is characterized by faint longitudinal folds, which are most reg- 
ular on the left side of the dorsum. There is a strong sinuosity indi- 
cated by the growth lines on the dorsum or a little to the right of it. 
There is also a strong fold on the left lower side which produces a pro- 
nounced emargination in the peristome. The aperture makes an angle 
of about 45 degrees with the plane of the whorl. The specimens were 
found at the base of the cliff at Bartlett’s mills and probably belong to 
the Lower Hamilton. 


PLATYCERAS BUCCULENTUM HALL 


In the lowest beds at Bartlett’s mills a number of specimens were 
found having the form, obliquity of aperture, and coil of this species, 
but without the strongly marked fold on the right side. The apex is 
about as much enrolled as in P. thetis, and the Diaphorostoma stage is 
about the same length. At first the enlargement is very gentle, then it 
is more rapid, thus giving the upper portion of the shell a pinched ap- 
pearance. The plane of the coil is nearly in line with the right margin 
of the peristome, almost the whole of which lies to the left of the plane 
drawn through the initial coil. In the largest of the specimens found 
the characteristic fold is slightly developed on the right side, and the 
lines of growth are slightly sinuous, there being an addition of several 
minor revolving folds. In general, however, the species as here repre- 
sented is without the fold, and the peristome has a regular outline. It 
agrees very closely with the individual figured by Hall* from Canan- 
daigua lake, New York, and also the specimen from the Hamilton of 
the Genesee valley. 


PLATYCERAS QUINQUESINUATUM ULRICH 


A single specimen agreeing in general with the description of this spe- 
cies, but more slender than those figured by Whiteaves, was found in 
the coral layer of Bartlett’s mills. 


TABLE SHOWING DIsTRIBUTION OF SPECIES IN THE THEDFORD REGION 


We have recorded in the table the horizon of all the species obtained 
by us at Thedford and vicinity, and have given as near as possible those 


* Paleontology of New York, vol. 5, part 2, plate 3, figure 29. 
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listed by Whiteaves, but not contained in our collections. For purposes 
of comparison, we have also recorded the distribution of these species at 
Eighteen-mile creek and vicinity. 

The following notation has been used : 


¢ = common. ? = horizon only open to question. 

C = very common. Cn = recorded by Calvin. 

r= rare. S= recorded by Schuchert (Whiteaves’ 
R = very rare. list). 

re = fairly common. W = recorded by Whiteaves. 


cf = identification only open to question. 


It will be found useful to bear in mind the following notes when con- 
sulting the table: 


a. Orthoceras exile is found only in the Strophalosia bed at the base of the Ham- 
ilton, in the Eighteen-mile Creek region (Grabau 1). 

b. Phanerotinus laxus. This is characteristic of the shales below the Stropha- 
losia bed or basal Hamilton at Eighteen-mile creek (Grabau 1). 

c. Loxonema sp. Two species are abundant in the Strophalosia bed at Eighteen- 
mile creek ; another occurs in the Encrinal limestone, and still another in the 
lower shales (see Grabau 3, 1899). 

d. Nuculites triqueter. This occurs only in the Upper Marcellus and Transition 
shales of the Eighteen-mile Creek region. 

e. Paracyclus lirata. Found only in the Marcellus shales of Eighteen-mile Creek 
region. 

f. Stropheodonta demissa is almost entirely restricted to the shales immediately 
below the Encrinal limestone at Eighteen-mile creek. 

g. Strophalosia truncata is almost wholly confined to the Strophalosia or basal 
Hamilton bed at Eighteen-mile creek. 

h. Many conodonts have been described from Eighteen-mile creek (see Gra- 
bau 3). 
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gig is | 3 
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| sis $ 
Pisces: | 
1. Aspidychthys notabilis ? Whiteaves....|....| 2 
2. Ptyctodus calceolus Newb. and Worth .| W 
4. Cryphieus boothi Green | le|r|r 
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7. Elymocaris hindei Jones and Woodw..| W |. 


> PS PS PS PS 


| 

3 

3 

3 

> 4( 

4) 

4: 

4 

44 

4¢ 

48 

4g 

51 

52 


Notes. 


DISTRIBUTION OF SPECIES 


181 


| Tueprorp Rearon. | | 
| | 
OsrRACODA : 
9, Ulrichia conradi Jones.... .......-- W 
10. Barychilina walcotti Jones..........+- | RB 
CrPHALOPODA: 
2. Goniatites uniangularis Conr.........- C 
13. Bactrites arkonense Whiteaves... ....|....| C 
Preropopa : 
19. Tentaculites attenuatus Hall (var.).....|....] © 
21. Styliolina fissurella (Hall)..... C re || 
28. Hyolithes aclie Hall. = 
GASTROPODA: 
32. Diaphorostoma lineatum (Conrad).....| ...| © re} 
33. D. plicatum (Whiteaves) ............| W].... 
36. Pleurotomaria arkonensis ef 
38. Phanerotinus lavus Hall.............. W i. fees b 
PELECYPODA: 
40. Aviculopecten princeps (Conrad). .....|... |.. R jj re| r 
43. Leiopteria rafinesqgit Hall. ........... che 
44. Limopteria macroptera (Conr.)........ 
45. Cypricardella bellistriata ? (Conr.)..... «fe 
51. Grammysia arcuata ? Conr., var...... bee 
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Tueprorp Rearon. | 

53. Orthonota parvula Hall.........-. 
BRACHIOPODA : | 
56. Orbiculoidea doria (Hall)............ WwW r |: 
60. stropheodonta concava Hall.......... r|R/ Ri ec] r 
64. Pholidostrophia iowaensis (Owen) ....|....| R }. re}....|.. 
65. Leptostrophia perplana (Conr.). BR] Bic re} © feces 
66. Leptena rhomboidalis (Wilckins)..... W iI. 
08. O. arctostriatus Hall...............- ot C1 RE 
76. Strophalosia radicans (A. Winch.)....|... |.... 
77. St. truncata ? (Hall)............ ere 
78. Productella productoides (Murch.)....|... |....|....| ef 
80. Rhipidomella vanuxemi Hall ........ rt 
82. Gypidula leviuscula Hall............ Ore, 
83. Camarotechia sappho (Hall).......... © FC 
84. C. thedfordensis Whiteaves........... ake r 
85. C. horsfordi (Hall)............- r r r 
87. Leiorhynchus laura (Bill.)............ a@ | 
90. Pugnax kernahani Whiteaves........ W 
99. Spirifer audacula (Conr.).... ....... cool 6 
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Turprorp | | 
| | 
| Xie Jol. || 
} 
103. S. mucronatus (Conrad) | RI R |. } 
104. S. mucronatus var. arkonense S. & G...|..--| 
105. S. mucronatas var. thedfordense S. & C |]. 
114. Nucleospira concinna Hall .........+- Rj r |i 
ie. 116. Rhynchospira ? eugenia (Bill.)....... 
Ws 118. Athyris fultonensis (Swallow).....-.-- © | © eee 
119. A. spiriferoides ef | ef | cf | 
123. Charionella scitula Hall |W] 
Potyzoa (Bryozoa): 
i}. 133. Teniopora exigua Nich. ........ Wo] € 
136. Semicoscinium labiatum Hall .......-- 
ows 138. Streblotrypa hamiltonensis (Nich.). | © © 
144. Leioclema minutissimum (Nich.)......| Wo]... |. 
147. Polypora latitruncata rer 
148. Polypora arkonensis 8. A. Miller...... 
Hose 149. Amplexopora barrandi (Nich.)........ Ww 
153. Fistulipora romingeri Nich. and Ford.| W 
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Tueprorp ReGion. | 
Zink | a lS |= | 
161. Pinacotrypa elegans (Rom.)......... | W 
163. Hederella canadensis (Nich.) .... ....]...-| ? © 
167. Ascodictyon fusiforme Nich..... .... 
ASTEROIDEA : | | 
BLASTOIDEA : | | | | 
188. Codaster canadensis Bill........ ..... vie 
189. Eleutherocrinus cassedayi Shumard | : 
Crrnorps : | 
194. Megistocrinus rugosus Lyon and Cas- | | | 
196. Arthroacantha punciobrachiata Wil- | } - 


i 
if 


DISTRIBUTION OF SPECIES 185 


Tueprorpy Reaion. | | 
REEK. | 
is 18 | Sle 128) 18 | 3 
198. Botryocrinus crassus (Whit.) ......... W i. re 
199. Ancyrocrinus bulbosus Hall.......... Ww | r | lr 
| 
200. Clathrodictyon reteforme (Nich. and | 
ANTHOZOA: i 
223. Microcyclus discus Meek and Worth. .|. | 
226. Cyathophyllum zenkeri Bill....... ef 
237. Cystiphyllum vesiculosum Goldf.... ..)... | ...|....] © f.... | 
SPONGLE: | | 
241. Astrwospongia hamiltonensis M. and W.|....|....|....| Ro 
| | | | | 
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INTRODUCTION 


Along the eastern border of the Piedmont plateau, lying for the most 
part directly on the flanks of its ancient crystallines and constituting the 
basal element of the Atlantic Coastal plain, is a series of mostly uncon- 
solidated, arenaceous, argillaceous, and often ferruginous sediments of 
highly varied character. The outcrop constitutes a relatively narrow 
belt, extending from cape Cod to the Mississippi basin and ranging from 
a few to 20 miles in width, its landward boundary lying somewhat west- 
ward of the so-called Atlantic Fall line. 

The general strike of the beds along the Atlantic border is northeast- 
southwest, the belt being divisible into three districts—northern, middle, 
and southern—whose strike is progressively more and more southward 
in passing from the northern district to the southern. The normal dip 
of the beds within the area of outcrop ranges from 30 to 60 feet per 
mile, a well marked increase occurring toward the landward margin and 
a decrease to the seaward. ‘The thickness of the deposits, at the point 
where they pass beneath tide, ranges from 100 to 1,000 feet, dependent 
largely on whether the full sequence of formations is present or not. 
The main body of the deposits lies below tidelevel, although the strata 
occasionally reach 500 feet above sealevel along the western margin of 
the Coastal plain. 

The belt crosses all of the principal waterways of the Atlantic slope, 
by which it is divided into a series of broad, low watersheds. The higher 
elevations have relatively steep and often irregular slopes, the region be- 
ing one of comparative youth. The streams, when not tidal, are active, 
but the belt is frequently cut to its western margin by tidal estuaries. 

The flora of these deposits includes thallophytes, liverworts, equiseta, 
ferns, cycads, conifers, monocotyledons, and dicotyledons. A conspicu- 
ous feature of the earlier and middle floras was the cycadaceous, one of 
the most important organic facts, and one which points as well to the 
prevalence of a subtropical climate as to the Mesozoic age of the deposits. 
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The remains of conifers are considerably more common than those of 
other types, though such may not have been actually the case during 
that period, as the trunks of the former are much better adapted for 
preservation than most of the other forms. 

The most variable element of the flora is the dicotyledonous. In the 
lower beds the forms are scant, as well as primitive in type. In the suc- 
ceeding deposits they become progressively more and more specialized 
and abundant, until, in the uppermost beds, there is a wide range of 
highly organized genera and species with well marked modern affinities 
and a great profusion of individuals. 

The fauna includes sponges, either worm or insect larvee borings, insects, 
lamellibranchs, gastropods, fishes, and reptiles, including plesiosauria 
and dinosauria. Remains of the last mentioned group, including both 
diminutive and gigantic species, are by far the most important, and serve 
to confirm the evidence of the cycads as to the Mesozoic age of the de- 
posits, as well as of the prevailing warm climate. The absence of any 
strictly marine fossils* and sediments, together with the presence of a 
few brackish water shells, point to estuarine conditions of deposition. 

The sands and clays have been largely drawn upon for building and 
other purposes, and this fact, together with the a'ternately argillaceous 
and arenaceous character of its soils, early gave rise to the name “clay 
and sand belt.” 

The name “ Potomac ” was first applied to the lower and middle por- 
tions of these deposits by Professor W J McGee,t of the U.S. Geological 
Survey, who began his studies in the Potomac River basin near Wash- 
ington, D. C. 

It hardly needs mention here that the Potomac deposits have been 
the subject of a great amount of study by many independent workers, 
who have approached the problem from nearly as many different points 
of view. These facts, together with the proverbially complicated stratig- 
raphy, have given rise to a highly varied taxonomy and nomenclature 
and a corresponding amount of not always the best-humored contro- 
versy. The views of the several writers, including those of the authors 
of this paper, as set forth in the Journal of Geology in 1897, are shown 
on the accompanying comparative taxonomic table. 

It is believed by the authors that the Maryland section contains more 
facts on which to base a solution of Potomac problems than any other. 
To begin with, it is centrally located, well within the belt. A study of 
the margins of sedimentary formations is apt to convey erroneous im- 


*Spicules of sponges are often common in clearly defined estuarine deposits. They occur in 
abundance in recent estuarine sediments of the Chesapeake as far north as Baltimore. 
+ Report of health officer, D. C., 1884~-'5 (1886), p. 20. 
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pressions as to their character as a whole. Again, in central Maryland 
the Potomac beds reach their maximum breadth of outcrop, their 
greatest thickness, as well as their greatest lithologic and paleontologic 
diversity. With these facts clearly in view, the authors have attempted 
the interpretation of the Maryland area, and haye brought to bear on 
its problems the results of a large amount of systematic field work in, 
this region, as well as in the areas both to the north and south. 

The constituent formations of the Potomac group, with the exception 
of the Arundel formation in part, dip at progressively lower angles from 
below upward, and in general gradually thicken down the dip within 
the limits of the area of outcrop, although they gradually thin farther 
to the seaward. Their stratigraphic relation is that of progressive trans- 
gression landward from the southwestward, the younger formations ex- 
tending farther and farther toward the Coastal plain margin northward, 
until they successively come to rest on the Piedmont plateau. The gen- 
eral relations for the Maryland deposits are shown in the accompanying 
vertical and columnar sections. 

Since the publication by the authors in the Journal of Geology in 1897 
of “The Stratigraphy of the Potomac Group in Maryland ” field investiga- 
tions have been steadily in progress during the summer months under the 
joint auspices of the Maryland Geological Survey, the Woman’s College 
of Baltimore, and the U. 8. Geological Survey. Although the position 
taken by the authors in that paper was based on a moderate field knowl- 
edge of the Potomac beds, subsequent work has, in the main, confirmed 
the conclusions there stated. A great number of comparative sections 
have been made and collections of fossils obtained from many stations 
heretofore unknown. Detailed mapping, on the base of the U. S. Geo- 
logical Survey topographic atlas sheets, is nearing completion in Mary- 
land and the District of Columbia, and much work has also been done 
in Virginia, Delaware, Pennsylvania, and New Jersey. The lines for the 
Maryland area are shown on the accompanying map, reduced from those 
on the atlas sheets to a scale of 12 miles to the inch. 


DESCRIPTIONS OF THE CONSTITUENT FORMATIONS OF THE Potomac GRouUP 
IN MARYLAND 


THE FORMATIONS AND THEIR RELATIONS 


In the Potomac deposits of the middle Atlantic slope four formations 
are recognizable, named in order of age the Patuxent, the Arundel, the 
Patapsco, and the Raritan. Their relations to one another and to their 
immediately subjacent and superjacent terranes are shown in the follow- 
ing table: 
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Clark and Bibbins,| W. B. Rogers,| J. C. Booth, | P. T. Tyson, | G. H. Cook, | W. B. Rogers, | Ch. E. | 
1897. | 1841. is41. 1868.” 1879. 1881 
RaRITan. Plastic clays 
(Woodbridge 
and Amboy 
clays). 
} 
2 
| Red clay for- | 
= mation 
2 (Upper Sec- | Wealden 
o ondary in 
PaTAPsco. part). 
Upper Odlite 
clays). 
| 
ARUNDEL. 
| 
= 
Lower Odlite 
wer 
PATUXENT. (eands and | 
clays). 
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Comparative Taxonomic Table 
s,| Ch. E. Hall, | R. P. Whitfield, W J McGee, | P. R. Uhler, | W.M. Fontaine,| N. H. Darton, | J.S. Newberry, | L. F. Ward, | 0. C. Marsh, 
1881. 1885. 1888. 1888. 1889. 1893. | 1895. 1895. 1896. 
eS. Magothy. Amboy clays. | Island series. 
Raritan clays. | 
| Albirupean 
| Albirupean. | 
| | 
Upper or clay Upper or clay | Iron ore 
Wealden clay. member. member. series. 
Aquia Creek 
series. 
Poromac. Potomac Poromac. Potomac 
Baltimorean. or or 
YouNnGER JURASSIC 
Mesozoic. Formation. 
Mt. Vernon 
series. 
(Varicolored (Variegated 
clays). clays). 
nock series. 
Lower or Lower or 
sandstone sandstone 
member. member. 
James River 
series. 
| 


. y 


BULL. GEOL. SOC AM. VOL. 13, 1901, PL. 24 


LY 


Fievne Berry Line (Batrimore anp Onto Rattroap) Cur, Baurimore Crry 


Showing Characteristic Sands and Gravels 


| 


Ficure 2.—Sanp Prr Wesrrorr, Baurimore Country 


PATUXENT FORMATION 


THE FORMATIONS AND THEIR RELATIONS 191 


Group. Formation. Age. Origin. 
Talbot 
Columbia....... { Wicomico .seeee--. Pleistocene . Marine, 
Sunderland Estuarine, 
and 
Pliocene.... ( Fluviatile. 
or ; 
or 
...-Cretaceous } 
J 
Potomac........ Arundel.............-. Jurassic (2) stuarine. 
or igneous. 
Crystalline..... Algonkian (?)....... . Sedimentary and 
rocks. igneous. 


PATUXENT FORMATION 


Name and lithologic characters.—The Patuxent formation receives its 
name from the Patuxent river, in Maryland, in the basin of which the 
deposits of this horizon were first recognized as an independent formation 
and systematically studied. The deposits consist mainly of sands, at 
times quite '!pure and gritty, but generally containing a considerable 
amount of kaolinized feldspar (known as arkose), whence Roger’s name 
“feldspathic sandstone” for its indurated derivative. Brown loamy 
sands are also common and are often indurated. Clay balls are at 
times distributed through the arenaceous beds, which in places contain 
lenses of gravel (plate 24, figure 1), sometimes with cobblestones several 
inches in diameter. Frequently the sands pass either abruptly or grad- 
ually over into sandy clays, and these in turn into more highly argilla- 
ceous materials, which are commonly of light color, but at times become 
lead-colored and lignitic and rarely iron-bearing. Massive red and vari- 
egated clays also occur, but they are of minor importance. They often 
bear a striking resemblance to certain of the crystalline residuals, from 
which they are directly derived by redeposition. Those arenaceous 
materials which chance to lie adjacent to ferruginous clays are not in- 
frequently indurated by hydrous iron oxide, forming a characteristically 
corrugated ferruginous sandstone (occasionally inclosing odlitic sand) 
or conglomerate. The more arenaceous deposits are commonly cross- 
bedded and exhibit evidence of rapid deposition under varying condi- 
tions. 


*In Maryland the Potomac sediments rest directly on the crystalline rocks, the Newark for- 
mation lying on the western flank of the Piedmont plateau, 
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Organic remains.—The flora of the Patuxent formation includes equi- 
seta, ferns, cycads, conifers, monocotyledons and a very few archaic 
dicotyledons, the coniferous and cycadean element being particularly 
strong. The known fauna of the Patuxent formation is limited to a 
single unio (Ward) and a fish (Fontaine). 

Strike, dip, and thickness.—The general strike of the Patuxent beds in 
Maryland—and the same may be said of the other formations of the 
Potomac group—is northeast-southwest. Strictly speaking, however, the 
strike has toward the north a progressively more and more pronounced 
eastward trend, ranging from north-northeast to south-southwest to the 
southward of Washington to east-northeast to west-southwest at the head 
of Chesapeake bay. A well defined change in strike occurs at the head 
of the bay and another at or near Washington. 

The directions of the dip of the Patuxent, as well as of the overlying 
beds of the Potomac group in Maryland, ranges from east-southeast to- 
ward the south to south-southeast toward the north. The amount of the 
normal dip of the basal beds of the formation reaches some 60 feet per 
mile. Along the Fall line or zone, which is toward the landward mar- 
gin of the Patuxent outcrop, the dip of the basal Patuxent beds is con- 
siderably greater than this. South of Washington it ranges from 50 to 
75 feet. Near the Potomac river the descent reaches some 90 feet per 
mile. The dip at other points is as follows: 


Feet. Feet, Feet. 
Burtonsville ........ 75 North of Joppa. 60-80 80 
Abingdon ........ 100 Cherry Hill......... 60 
Ilchester Hill....... 68 Harford Furnace... 70 Barksdale... 45 
Catonsville ......... 114 Aberdeen ... .... 109 Clifton Heights, Pa. 63 
House of Refuge.... 75 100 Sand Hills, N. J.... 70 
Baltimore ... .... 80-90 100 The basal Potomac 
66 Havre de Grace... 100 beds of the Raritan 
58 Battle Swamp. .... 73 River region, N. J. 


From these facts we learn that along the zone of the Fall line the Pa- 
tuxent deposits of the middle Atlantic border, barring two anomalous 
exceptions, often exhibit a considerably steeper dip than 60 feet per mile, 
the average for the section mentioned being 80 feet per mile; that this 
value exhibits considerable variation and reaches its maximum in the 
Patapsco depression at Relay at 200 feet per mile or more. 

The position of the Patuxent deposits of the Lutherville-Timonium 
area is almost anomalous. Here the beds, which rest on crystalline 
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limestone of Algonkian age, lie 100 feet lower than the base of the Patux- 
ent at ‘Towson, immediately southeastward. Moreover, they show a 
slight northwestward dip. A similar case occurs in the Conshohocken- 
Rubicam valley, some 12 miles north-northwest of Philadelphia, where 
the Patuxent beds, which also rest in part on marble, lie but 200 feet 
above tide. These sands and clays exhibit unmistakable evidence of 
local disturbance, due possibly to solution of their calcareous substrata. 
Whether these two cases are to be explained on the basis of sedimenta- 
tion on an uneven surface, or to the downthrow westward or some other 
cause, remains to be determined. 

The thickness of the Patuxent formation in central Maryland at the 
point where its summit passes beneath tide is about 100 feet. The 
greatest thickness of the exposed beds in a single section of the Mary- 
land area occurs at Schoolhouse hill, Baltimore county, where they 
reach some 60 feet. At this station there is a heavy bed of Patuxent 
materials beneath, sufficient probably to raise the total thickness to at 
least 100 feet. Deep well borings to the southward suggest a well marked 
thickening of the deposits in that direction, as a glance at the section 
onthe map will show. The well at Saint Elizabeth’s Insane Asylum 
penetrated the Patuxent to a depth of 340 feet, and that of Indian head 
to a depth of about.353 feet without reaching the base. Allowance must, 
however, be made for the fact that these borings are at some distance 
from the margin of the Coastal plain. 

Areal distribution and boundaries.—The Patuxent as the basal formation 
of the Potomac group occupies a position along the landward margin 
of the Coastal plain. In Maryland its outcrop begins near Indian head 
on the Potomac river and follows the river shore, generally beneath 
Potomac deposits of higher horizons to Anacostia, where it passes be- 
neath tide. It extends to the westward beneath the city of Washington 
and continues northeastward in a deeply dissected and often interrupted 
belt through Laurel, Relay, Baltimore, Havre de Grace, Northeast, and 
Elkton to the Delaware line. 

It incloses two sorts of Algonkian inliers. One of them, a depressed 
erosional inlier, due to perforation of the Patuxent terrane by stream 
erosion, is exposed at many points along the Fall Line zone, notably in 
the Gunpowder and Laurel quadrangles. The other, a raised original 
inlier, is exhibited at Grays hill, Maryland, and at Chestnut and Iron 
hills, Delaware, in the Elkton quadrangle. Though the Patuxtent beds 
surround these hills, there is no evidence that either this orthe superior 
members of the Potomac ever covered them. 

The Algonkian- Paturent boundary.—This boundary is on the whole the 
least difficult of the Potomac lines to trace. The chief difficulties are 
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found in the differentiation of certain massive red and variegated clays 
near and at the base of the Patuxent formation from residuals of similar 
character from which they were evidently derived by redeposition. 
Other residuals closely resemble Patuxent arkosic sands. In cases of 
imperfect exposures these resemblances are at times the occasion of con- 
siderable uncertainty. 

Characteristic local section.—Tyson published in 1860 a record of the 
strata penetrated by an artesian well at “ Smith’s distillery,” situated 
on Northwest harbor, Baltimore, which is an entirely typical Patuxent 
section. After passing through 52 feet of river mud, the well penetrated, 
at 42 feet below tide: 


Feet 
1. Sand, gravel, and boulders. .................. » 
7. Whits sand and gravel, 
9. White sand, gravel, and boulders, water-bearing........ inv. Se 


The “ boulders ” of the first and ninth members are doubtless cobble. 

Economic products—The Patuxent formation, which is on the whole 
an arenaceous terrane, yields building and other sands (plate 24, figure 
2) on a large scale, and road metal inthe form of arkosic gravel and iron 
sandstone and conglomerate. It also yields white and ferruginous clays 
to some extent as well as black lignitic clays which are in use as a base 
for pigments. Red and yellow ochers also occur. The drab clays con- 
tain a very few workable beds of iron carbonate. 


ARUNDEL FORMATION 


Name and lithologic characters—The Arundel formation receives its 
name from Anne Arundel county, Maryland, where the deposits of this 
horizon are typically developed and well exposed. 

The deposits consist chiefly of large and small lenses of drab or iron- 
tinted clays. These clays are frequently iron-bearing, the varieties 
being an earthy spathic ore, occurring in concretions, flakes, geodes, and 
layers, often in many courses. They are also at times pyritous and oc- 
casionally gypseous. The clays may be either massive, exhibiting 
slickensides surfaces, or ]Jaminated. In the latter case they are usually 
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more or less sandy. ‘They often carry logs of coniferous lignite, usually 
lying in horizontal position and strongly compressed. Occasionally 
large upright stumps are encountered, standing where they grew, with 
the roots and trunks more or less replaced by iron carbonate and iron 
sulphide. The logs of lignite are not infrequently massed together 
into a well defined bed of considerable thickness and extent, which has 
been locally utilized by the miners for fuel (plate 25). - The foliaceous 
remains and seeds of plants are apt to be found in the vicinity of these 
beds. At times the clay is charged with comminuted lignite, when it is 
known as “charcoal clay.” This clay is apt to be rich in “ charcoal 
ore,” and at a few points bears osseous remains. It was one of these 
beds, situated near Muirkirk, Maryland, from which Mr Hatcher obtained 
for the late Professor Marsh a considerable collection of dinosaurian and 
other remains. In the upper portions of the formation, which have 
long been exposed to atmospheric influences, the carbonate ores have 
sometimes to a considerable depth changed to hydrous oxides of iron, 
known to the miners as “brown” or “red” ore. Under these condi- 
tions the originally drab-colored clays have suffered a like chemical 
change, resulting in red or variegated clays. When the Arundel clays 
at other levels contain scant vegetable matter, they are frequently highly 
colored, and if they contain ore it is of the red or brown variety and 
sometimes a red ocher (“ Venetian red”). Red ocher generally occurs 
near the base or summit of the formation, but at times within the main 
body of the same. ‘To the landward the formation is often arenaceous, 
and at times exhibits considerable lenses of sand. 

Organic remains.—The flora of the Arundel formation includes alge, 
fungi, lycopods, ferns, cycads (apparently fronds only). many conifers 
and monocotyledons, as well as a considerable showing of dicotyledons, 
which, though not specially advanced in type, are far beyond those of 
the Patuxent formation in grade as well as in variety and numbers. 
There is therefore a well defined contrast between the dicotyledonous ele- 
ments of these two formations. 

The fauna of the Arundel formation includes worms (or possibly the 
borings of insect larvee), lamellibranchs, gastropods, fishes, and reptiles, 
including turtles and dinosauria, remains of the latter being compara- 
tively common. Bones of cetaceans are alleged to have been found by 
Tyson, but the report lacks confirmation. Notwithstanding this, the 
faunal contrasts between the Arundel and Patuxent are seen to be 
strongly marked. 

Strike, dip, and thickness.—The strike and direction of dip of the Arundel 
formation within the zone of its occurrence are practically identical with 
those of the Patuxent formation. 
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The normal dip of the formation is 40 to 50 feet per mile. At Balti- 
more it appears to be somewhat less than this. There is a well marked 
increase in dip to the landward, along or near the Fall line, as in the case 
of the Patuxent theaverage rate of descent at twenty stations being about 
72 feet per mile, the range being from 34 to 190 feet. Abingdon, 34 feet ; 
Joppa, 40 feet; Loreley, 93 feet; Stemmers run, 53 feet; Homestead 
(Baltimore), 60-feet ; Loudon park, 50 feet ; Relay, 80 feet, with one local 


dip of 133 feet and another of 190 feet; Hanover, 106 feet; Jessups, 40. 


feet; Annapolis Junction, 80 feet; Savage, 50 feet; Muirkirk, 62 feet; 
Beltsville, 60 feet ; Branchville (local), 80 feet ; Riggs’ mill, 40 feet ; Brook- 
land, 40 feet; Washington, 64 feet. 

The thickness of the Arundel formation ranges from 0 to 125 feet or 
more, The greatest thickness of the exposed beds occurs in the iron mines 
above Hanover and in the Muirkirk area. The data regarding the thick- 
ness of this formation to the eastward, where its summit descends below 
tide, are from artesian well borings, which must be accepted with caution. 
They tend to show that the formation does not thicken perceptibly along 
the dip beyond a certain point, and that the deposits lack horizontal con- 
tinuity. 

The Patuxent-Arundel boundary.—The Patuxent-Arundel boundary is 
on the whole the most clearly defined within the Potomac group. The 
occasional occurrence near the landward margin of the Patuxent forma- 
tion of beds of drab lignitic clays, which are at times slightly iron-bear- 
ing and of massive red and variegated clays, although all of relatively 
small extent, has caused at a few points some uncertainty as to the true 
boundary line, owing to the fact that the strong increase in the dip of 
the Patuxent strata has brought its beds of clays into range with the nor- 
mal dip of the Arundel clays. The difficulty has been further compli- 
cated by the occurrence of landslips, apparently dating back to the 
Quaternary, by which workable masses of Arundel iron ore clay were 
precipitated from elevated positions above the Patuxent sand and gravel, 
and are now more or less obscured by more recent sediments. 

When organic remains can be found the problem is much simplified, 
since the floral and faunal contrasts are well marked. In the Patuxent 
terrane both plant and animal remains are comparatively scant, its di- 
cotyledons being limited to a few very primitive types. In the Arundel, 
on the contrary, the remains of both plants and animals are relatively 
abundant. Normal, although still simply organized, dicotyledons are 
notuncommon. Dinosaurian remains, wanting in the Patuxent terrane, 
are comparatively common in the Arundel. 

Though now for the first time cartographically shown, suggestions of 
the occurrence of the Arundel-Patuxent boundary have appeared from 
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time to time in Potomac literature. The Patuxent beds have been desig- 
nated as the “‘ sandstone member ” (Fontaine, McGee, and others), and 
its superjacent deposit as the “clay member.” Tyson indicated in a 
general way on his map the position of the “iron ore clays” of the 
“upper odlite,” the latter term evidently including everything in the 
Potomac above the Patuxent formation, which that author designated 
as the “ lower odlite.” 

At points where the Arundel terrane is wanting, as in Cecil county, 
the tracing of the superior boundary of the Patuxent becomes more 
difficult, since there is a closer similarity lithologically between the 
Patuxent and the super-Arundel deposits than between the Patuxent 
and the Arundel. This difficulty is increased in the area named by the 
scarcity of organic remains. 

Areal distribution.—The outcrop of the Arundel formation in Maryland 
occupies a comparatively narrow, irregular,.and often interrupted belt 
extending from the city of Washington to Bush river. A few isolated 
areas of minor importance occur to the northward and to the southward 
of these points. Ata number of places, notably to the northward, it is 
wanting in the sections, the deposits of the next higher horizon resting 
directly upon the Patuxent formation. 

A very notable mass of exceedingly tough, drab, lignitic, and highly 
colored clays, apparently referable to the Arundel, but evidently barren 
of iron ore. constitutes the foundation of Capitol hill at Washington. 
A well boring, after passing through some 50 feet of recent and Pleisto- 
cene materials, penetrates 151 feet of these clays into the Patuxent sand 
and gravel. A great body of clays, apparently belonging to the same 
formation, is now being encountered in a deep sewer in the vicinity of 
Anacostia bridge. 

Character’stic local section.— A section exposed at the Timberneck iron 
mine near Hanover is as follows: 


Feet 

Raritan 1. Reddish sands, at times gravelly, considerably indurated....... 28 
Patapsco 2. Red, white, and brown, more or less argillaceous sands, with clay 

Arundel 3. Tough, drab, massive, pyritous clays bearing iron carbonate.... 100 

Patuxent 4. White clay, exposed in the bed of Licking run.... ............ 5 


Economic products.—The best known economic product of the Arundel 
terrane is iron ore, whence the name “iron ore clays” of Tyson. There 
are several varieties of this, the best being an earthy spathic ore, occurring 
in nodules, flakes, geodes, and layers. It is locally known as “steel ore,” 
on account of the exceptional toughness of the iron made from it. The 
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names “ white” and “ hone” ore are also locally used on account of its 
color and fine grain. The ore which occurs in beds of comminuted 
lignite is thoroughly charged by the same, which circumstance is be- 
lieved to materially aid in its reduction. This variety is known as “char- 
coal ore.” Nodules of white ore weighing a ton are not uncommon, while 
ledges of the same have been encountered which require blasting, and 
when broken up have more than filled a railway car. 

Other varieties, known as “ brown ore,” “red ore,” etcetera, occur 
abundantly, often in the same beds with the white ore, from which they 
are generally derived by alteration near the surface. Both the brown and 
the white varieties include grades locally known as “ velvet ore” from 
their fine, smooth grain and the beautiful druses of minute crystals of 
siderite and its derivatives which line the geodes and septarian nodules. 

The “red ores ” are apt to occur in clays scant in vegetable matter. 
These are used to some extent as pigments ( Venetian red) and to impart 
desired tints to bricks, etcetera. Red ocher or “ keel” also occurs in this 
formation, notably near the base, and yellow ocher to a less extent. 

The Arundel formation has been worked for iron ore more or less 
continuously since the middle of the eighteenth century. A good part 
of our Revolutionary ordnance was made of it. At the present time, 
owing to the low price of iron, only a single furnace smelting Arundel 
ore is in active operation, but in former years they were scattered all 
along the belt from Bush river to Muirkirk, and their picturesque ruins 
are seen at many points. 

The most prolific beds occur at Bush, Joppa, Stemmers run, Seven 
Mile hill, Baltimore, Elkridge, Hanover, Jessups, Annapolis Junction, 
Patuxent neck, Contee, Muirkirk, and Branchville. The principal 
workings at the present time are at Muirkirk, where the ore also is 
smelted. 

The Arundel clays are extensively employed in the manufacture of 
hrick and terra cotta, and to some extent for cement, pottery, and mod- 
eling. The supplies are inexhaustible, and they commonly lie conven- 
iently for transportation either by land or water or both. 


PATAPSCO FORMATION 


Name and lithologic characters —The Patapsco formation is so called 
from its typical occurrence in the valley of the Patapsco river. Its 
deposits consist chiefly of highly colored and variegated clays which 
grade over into or are interbedded with sandy clays, sand, and gravelly 
sand. Its arenaceous materials, particularly those lying adjacent to 
ferruginous clay beds, are often indurated, forming “ pipe ore’ 
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rugated iron sandstone (plate 24, figure 1),at times conglomeritic. The 
“variegated clays,” which commonly exhibit a great variety of excep- 
tionally rich and delicate tints in extremely irregular “ pied ” patterns, 
often grade downward or horizontally into massive or stratified chocolate, 
drab, and black clays which are often lignitic, more or less pyritous, and 
occasionally iron and leaf bearing. The sands sometimes contain decom- 
posed feldspar grains, as well as pellets and balls of white clay. They 
are frequently crossbedded, though less strongly marked than in the 
Patuxent formation. Red ocher, known as “ paint rock” or “ paint 
stone,” occurs near the base and summit and sometimes within the for- 
mation, while flakes of sandy and ocherous limonite with botryoidal 
inferior surfaces are not uncommon at various horizons. The variegated 
clays often contain great numbers of small flattened pieces of limonite, 
quite uniform in dimensions. When these are brought to the surface 
by erosion, they form the resistant caps of innumerable miniature ero- 
sion towers which beset the crests and slopes of the verdureless ‘* bad- 
land ” areas, well shown at Bald hill, Prince George’s county. 

Organic remains.—The flora of the Patapsco formation includes ferns, 
cycads, conifers, monocotyledons, and dicotyledons, the last still consti- 
tuting an inconspicuous element as compared with the other types repre- 
sented. The range of genera and species is in the main limited, the 
grade of organization still moderately low, and the number of individuals 
searcely greater than that of the preceding formation. At one station, 
however, near the summit of the formation there occurs a profusion of 
apparently a single species of leaf resembling Platanus. 

The known fauna of the Patapsco formation is limited to a single, 
much worn, silicified, dinosaurian limb-bone, which was found at the 
surface and may have been redeposited from the Arundel. 

Strike, dip, and thickness.—The strike of the Patapsco formation corre- 
sponds practically to that of the formations below it. The normal dip of 
its basal beds is from 35 to 40 feet per mile. This rate, as in the case 
of the preceding formations, is strongly emphasized to the landward ata 
few points, notably in the Principio area, where the formation reaches to 
the Fall line. 

The thickness of the Patapsco formation in central Maryland at the 
point where its summit descends below tide is estimated at 240 feet. The 
greatest exposed thickness occurs at Grays hill, Cecil county, where it 
reaches 100 feet. At Broad Creek hill, south of New Glatz, Prince 
George’s county, 80 feet of Patapsco clays are exposed. 

The Arundel-Patapsco boundary.—The Arundel-Patapsco line repre- 
sents very nearly the line of demarkation between the iron-bearing clays 
proper, with their barren equivalents and that great mass of variegated 
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clays, etcetera, mostly barren of iron, which lie between this line and 

the base of the next succeeding formation. In general the demarka- 

tion is well defined, and in many local sections, notably in the Timber- 

neck area, the contact is sharp, leaving little room for doubt that we 

have to do with something more than local changes in lithotogy or the 

bh effects of other varying local conditions. To the seaward, however, the 

line is by no means as clearly defined, and there is a suggestion of gra- 

dation, as at Federal hill. Again, the circumstance that the two forma- 

tions are on the whole argillaceous, and the character of their clays 

e often very similar, increases the difficulties of tracing the details of this 

boundary, and to this may be added the fact that the contrast in the 

floras and faunas is by no means as well marked as in the case of the 

Arundel and Patuxent. On the whole, therefore, it may be said that a 

more intimate relation exists between the Arundel and Patapsco than 
between the Arundel and Patuxent. 

Areal distribution —The Patapsco formation outcrops in an irregular, 
crescentic belt, deeply dissected along the drainage lines and often hav- 
ing its subaerial portion interrupted at the principal waterways. It ex- 
tends from below Indian head on the Potomac to and beyond the head 
of the Chesapeake bay. To the northward the outcrop is narrow. It 
broadens toward the center of the belt and narrows again to the south- 
ward by virtue of the transgression of the superjacent terranes. In Cecil 
county, where the Arundel formation is wanting, the Patapsco beds re- 
pose directly on those of the Patuxent terrane, and the same is true 
over a number of smaller areas to the southward. The most notable body 
of Patapsco materials occupies the highlands between Branchville and 
Bowie. 

Characteristic local section—The following section eccurs at Red hill, 
Cecil county : 
Feet 
Raritan 1. Coarse reddish sand and coarse, evenly bedded, dark-brown iron 


ss 2. Yellow and buff sands and corrugated iron stone containing fer- 
ruginated coniferous wood; sand beds near the base, which is 


Patapsco 4. Massive variegated red and drab clays, the latter slightly lignitie 
and with obscure leaf impressions; lenses of white sand toward 


Patexent 5. Sands not exposed at 60 


Economic products.—The Patapsco formation, although on the whole 
, an argillaceous terrane, is often arenaceous, particularly to the land- 
ward, where it yields building sands and iron sandstone for road metal. 
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Figure Clays BENEATH THE Marawan av Forr Wasnineron, Prince Gronars County 
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Its variegated and drab clays, beside constituting vast supplies for the 
manufacture of terra cotta, brick, etcetera, contain a few workable beds 
of iron carbonate. The base of the formation is the principal source of 
the well known Maryland “ Venetian red” ocher, which also occurs 
near its summit. There is a tradition among the inhabitants of the 
Patapsco belt to the effect that this ocher was formerly used by the In- 
dians for.war paint. This rumor is substantiated by the fact that we 
find on their deserted village sites cobbles of “ paint rock,” evidently 
derived from the Potomac beds, which exhibit on their flat surfaces 
numerous scratches which are clearly attributable to human agency. In 
Cecil county the basal Patapsco clays, like those of the Patuxent, are 
highly charged with diffused lignite and are employed to some extent 
as a base for black pigments. In this area also the base of the formation 
yields a fine, micaceous “ fire” sand. 


RARITAN FORMATION 


Name and lithologic characters —The Raritan formation receives its 
name from the Raritan river, New Jersey, in the basin of which the de- 
posits of this formation are typically developed. The name was given 
by the senior author of this paper in the annual report of the state geol- 
ogist of New Jersey for 1892, although the term “ Raritan clays ” had 
been somewhat loosely applied to deposits of this age by earlier writers. 

In the case of the Patapsco formation it was shown that the argilla- 
ceous character was the more prominent. In the Raritan the arena- 
ceous features are emphasized. This is particularly true of the upper 
portions of the terrane. The sands are often of very fine texture, and 
when mixed with white clay are known as “ fuller’s earth.” They oc- 
casionally contain white clay pellets and balls, and are at times gravelly. 
They are commonly white, but, particularly in the lower portions of the 
formation, are often stained by iron oxides. A notable illustration of 
such coloration occurs on the west shore of Elk neck near the meridian 
of 76°. 

Induration of the sands by hydrous iron oxide is common, the result- 
ing rock being either a very hard,* tubular or corrugated iron stone often 
having a metallic resonance, or a softer, evenly bedded, brown sand- 
stone, suitable for building purposes. <A well known illustration of the 
former variety is the Black rocks of the Patapsco, while the latter is 
quarried to some extent at Sandy Brae, in Cecil county. At times the 
presence of a trace apparently of a vegetable oil imparts to the rock a brill- 
iant iridescence. This feature is also well exhibited at the Blac kt rocks. 


*The pres iad village sites of the Pen Indians which lie wana. the Potomac belt have 
yielded a number of arrow-points, spear-heads, and axes made of this rock. 
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Sometimes the Raritan sands are cemented by silica, producing a 
highly resistant rock resembling quartzite. An illustration of this occurs 
at the White rocks of the Patapsco river which afforded the name “ Albi- 
rupean ” applied by professor Uhler to the upper portions of the Potomac 
group (plate 27, figure 1). 

The clays are commonly of light color or white. Sandy, white clays 
occur on a large scale. These, like the fine arkosic sands, are locally 
known as “ fuller’s earth” (plate 27, figure 2). At times the clays be- 
come dark colored, lignitic, very slightly iron-bearing, and richly leaf- 
bearing. They may be either laminated or less frequently massive, and 
at times exhibit a conchoidal fracture. A characteristic bluish drab tint, 
with a tendency toward lamination, serves to distinguish them, as a rule, 
from the drab Patapsco clays. Variegated or “ pied ” clays greatly re- 
sembling the “ variegated clays” proper of the Patapsco formation also 
occur, but they are commonly more sandy and of somewhat lighter tints, 
often pinks, being known to the northward as “ peach-blossom ” clays. 
The Raritan variegated clays are also apt to exhibit obscure stratifica- 
tion and were probably redeposited from the Patapsco. The scale upon 
which they occuris inconsiderable as compared with those of the Patapsco, 
and the formation is on the whole considerably less argillaceous and also 
less homogeneous. 

Strike, dip, and thickness.—The strike and dip of the Raritan formation 
in Maryland correspond, in a general way, with those of the preceding 
terranes. The normal dip of the basal beds of the formation is about 30 
feet per mile. When the deposits extend landward as far as the Fall line, 
as in Cecil county, there are well marked increases in dip. An artesian 
well boring at Rock Hall, on the Eastern shore of Maryland, encoun- 
tered the Raritan beds at 240 feet below tide level, indicating a dip of 
34 feet per mile for the deposits of central Maryland. 

The thickness of the Raritan fermation in central Mayland, along the 
line where its upper beds descend below tide, is estimated at 240 feet. 
The greatest thickness of the exposed beds in a single section occurs at 
Maulden mountain on the west shore of Elk neck where it reaches 
nearly 70 feet (plate 27, figure 2). 

Beds of black, massive, pyritous, earthy lignite, bearing prostrate 
trunks of lignitized conifers, honeyeombed by eredo, and associated 
with layers of comminuted lignite, occur near the summit of the forma- 
tion. Overlying these are beds of coarse and fine, often crossbedded, 
slightly lignitic, white and buff sands with interlaminated brown sandy 
loam. These are often indurated. This entire series, which is best ex- 
posed at cape Sable, on the Magothy river, comprises the so-called “ alter- 
nate clay-sands ” of Uhler and the “ Magothy formation ” of Darton. 
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The lignite of the Raritan is, as a rule, in a noticeably less advanced 
stage of carbonization than that of the preceding terranes, being often of 
brownish tint, and the logs somewhat less laterally compressed. 

The Raritan formation yielded the first American amber. Its original 
source, cape Sable, on the Magothy river, was described in great detail 
by Troost early in the last century. 

Organic remains.—The known flora of the Raritan formation includes 
a thallophyte, a lycopod, ferns, conifers, cycads, monocotyledons, and 
dicotyledons. No silicified stems or frond impressions of cycads have 
been found in undoubted Raritan beds in Maryland, although certain 
fronds have been reported by Newberry from the Amboy clays of New 
Jersey. The endogenous element is weak and the exogenous particu- 
larly prominent. There is a wide range of genera and species, with strong 
modern affinities. 

The known fauna of the Raritan formation in Maryland is limited to 
a single species of Teredo and possibly aninsect. Borings of the former 
are often met with in the trunks of lignitized conifers, so much more 
commonly, in fact, than in the preceding formations as to suggest a 
somewhat increased salinity of the Raritan waters. Four genera of 
lamellibranchs are reported by Whitfield from the Raritan clays of New 
Jersey, one with well marked Jurassic affinities. The clays of that area 
are also reported by Cope to have yielded a pleseosaurian bone. 

The Patapsco-Raritan and Raritan-Matawan boundaries—Though at 
times extremely obscure, owing to local similarities in lithology, the 
Patapsco-Raritan line is not on the whole a very difficult one to trace. 
The leaf beds, which are so much more common in the Upper than in 
the Middle and Lower Potomac, are a great assistance with their 
strongly exogenous and modern facies. 

The Raritan-Matawan boundary is not at all points as readily dis- 
cernible as might be expected. The clay marls of the marine Creta- 
ceous at times so closely resemble the Raritan carbonaceous clays that 
even the most careful observers have confused them. The well known 
“black clays” of Grove point, Maryland, containing little or no glauco- 
nite and much pyrite, have as often been referred to the Raritan as to 
the Matawan and by equally careful observers. 

Areal distribution.—The outcrop of the Raritan formation in Maryland 
occupies a crescentic and deeply dissected belt, often interrupted to the 
landward, extending from the District of Columbia to the eastward of 
Baltimore, across Elk neck to and beyond the Delaware border. Out- 
crops occur along the “ Eastern shore ” as far southward as Fairlee creek. 

Characteristic local section.—The most comprehensive section of the 
Raritan deposits of Maryland occurs at Giller’s hole, Maulden moun- 
tain, on the west shore of Elk neck. 
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Maulden Mountain, immediately above Giller’s Hole. 


Feet 
Matawan 2. Massive micaceous glauconitic sands, mottled with brown, 
oxidized, and more or less indurated near the top......... 30 
3. Loose, lighter-colured sands, with less glauconite, oxidized at 
4. Sharp white and yellow sands, indurated at the base.......- é 
5. Yellow, red, and ash-colored sandy clays... .......... ‘ean, a 
6. Loose sands, micaceous one more eugilinanous toward the 
7. Lens of loose carbonaceous and pyritous sandy loam, grav- 
Raritan 8. Lens of stratified, iron-stained, at times pebbly ‘‘ fuller’s- 
earth”’ clay, occasionally lignitic (dicotyledenous? stems), 
9. Light buffand brown crossbedded sands, coated with ‘‘ ful- 
10. Ledge of corrugated iron sandstone ......... 2-9 


11. Sands similar to 9, brightly iron-tinted in the middioand lower 
portions and containing white clay pebbles and pellets; un- 
Patapsco 12. Massive variegated and drab lignitic ‘adie clays, the latter 
at times containing iron carbonate; obscured by talus and 


Economie products.—The economic products of the Raritan formation 
in Maryland include building and glass sands, quartzose and ferruginous 
sandstones for building purposes and road metals, clays used in the man- 
ufacture of buff face brick and pottery, drab clays used for stoneware 
and modelling, and variegated and red clays also used at times for pot- 
tery. White sandy clay and white arkosic sand, known as “ fuller’s 
earth,” occur on a large scale, and are in local use for polishing metallic 
surfaces. This will doubtless prove to possess wider economic possi- 
bilities. Massive pyritie deposits occur in workable quantities at a few 
points, notably at cape Sable, on the Magothy river, where they were 
mined early in the last century, and alum, copperas, and sulphuric acid 
produced. The amber already mentioned as occurring at this station 
is only of scientific and historical interest. 


INTERPRETATION OF THE PotroMAc Deposits 


In their former paper the authors pointed out that Potomac deposition 
was probably preceded by extensive baseleveling of the eastern side of the 
continent, with widespread rock disintegration. Stimulated by elevation 
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and seaward tilting, erosion afforded the materials of the Potomac group. 
The fact that these consist very largely of redeposited Piedmont crystal- 
lines, and to a less extent of Appalachian materials, is therefore what 
might be expected, but the circumstance that no clearly defined trace 
of redeposited Newark materials has been found in the Potomac deposits 
of Maryland is at first thought somewhat surprising. From this we must 
infer either that the Newark was not to any great extent exposed to Poto- 
mac erosion, or that its materials were not sufficiently consolidated to 
permit of transportation except in a so finely divided condition as to be 
unrecognizable. It is quite certain that during maximum Potomac sub- 
sidence a large body of Newark materials, especially beyond the limits 
of Maryland, was beneath tidelevel, and therefore not exposed to sub- 
aerial influences. Inasmuch as the Potomac beds themselves, particu- 
larly the basal ones, have since that date undergone considerable indu- 
ration, often without the agency of iron oxide, we may suppose that the 
subaerial Newark sandstones of that date, if consolidated at all, were 
considerably less resistant than, for example, during the early Pleisto- 
cene, in the deposits of which the Newark materials are abundantly 
represented. 

The basal deposits of the Potomac group, produced by the initial 
tilting of the continental border and described as the Patuxent forma- 
tion, indicate in their arkosic character their proximity to the ancient 
continent, the rocks of which had suffered extensive disintegration. 
These features, which are so pronounced where the deposits lie adjacent to 
highly feldspathiv rocks, largely disappear where these rocks are poorly 
developed or where the deposits themselves were evidently laid down at 
some distance from the old shoreline. Rapid deposition in shallow waters 
is seen in the crossbedded character of the strata and their rapid change 
in lithologic characters. The presence of clay pellets and balls in the 
sands of this formation, suggesting at first thought the existence of sub- 
jacent pre-Patuxent sedimentary clays, may represent local shallowing 
of the seas with the destruction by wave action of lately deposited Pa- 
tuxent clay beds and the incorporation of their rolled materials into the 
later deposits of the same formation. 

That the seaward tilting was not continuous or persistent in the same 
direction is evidenced by the varying character of the deposits and the 
stratigraphic relations which the several formations sustain to each other. 

The close of the Patuxent epoch was marked by the élevation of its 
deposits and the trenching of its surface by streams. This was succeeded 
by a subsidence which was emphasized to the landward by the occupa- 
tion of the ancient valleys by swamp deposits. The tough clays of the 
Arundel formation, charged with lignitic accumulations, in which tree 
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trunks are at times found erect with their roots intact, find their most 
satisfactory explanation on this basis. It was in these ancient marshes 
that the iron, derived to a considerable extent from the adjacent area of 
basic eruptives, was deposited, first, no doubt, as bog ore, which by con- 
tact with lignite was later altered to the carbonate and redeposited in its 
present nodular form. It was in these marshes that the remains of 
dinosauria became entombed, which, with the evidence of dense vegeta- 
tion, suggests subtropical climate. 

On this hypothesis the lenses of Arundel clays, particularly to the 
landward, represent crudely the ancient drainage lines of the eroded sur- 
face of the Patuxent terrane. The widening of the areas seaward may 
possibly be interrupted on the basis of lagoon deposits into which the 
Arundel estuaries merged. That the waters in which the Arundel de- 
posits were laid down were not entirely cut off from the sea is evidenced 
by the occasional occurrence of Teredo-bored conifers, while the absence 
of strictly marine fossils suggests that the Arundel waters had but imper- 
fect marine communication. 

It has been suggested by the students of the Maryland Pleistocene 
that the “ buried-forest ” deposits of the Chesapeake shores may furnish 
some clue to the origin of the Arundel iron ore clays. These deposits 
appear to have originated by the impounding of the estuaries by sand 
spits—a process which may be observed at many points within the 
Chesapeake and elsewhere at the present day. The closed estuary then 
speedily silted up and was converted into a peaty cypress swamp, in 
which bog iron ore was deposited. Meanwhile the bay shore adjoining 
the mouth of the swampy estuary was gradually receding by virtue of 
wave action until the swamp materials themselves were invaded and 
more or less cut away. This process was followed, or perchance at- 
tended, by gradual subsidence, which resulted in the deposition on the 
newly wave-cut surface of a new and later member. Emergence fol- 
lowed, and the waves are now actively cutting away both the more re- 
cently deposited terrane and the basal remnant of the older one, with its 
beheaded cypress trunks and their knees, imbedded in peat. In the 
basal clays of the swamp deposit, penetrated by the roots of the trees, 
one finds an occasional, imperfectly formed nodule of iron carbonate. 
When exposed to the air it rapidly changes to a bright vermilion ocher. 

There is little question that some such process as this has figured toa 
considerable eXtent in the genesis of certain of the lesser lenses of drab, 
lignitic, iron-bearing clay occurring at various horizons throughout the 
Potomac group; but the grand scale—both vertical and horizontal—on 
which the Arundel formation, or “ irou-ore clays ” proper, were laid down 
cannot well be explained entirely by this simple theory. The idea of 
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landward tilting, also, which appears to find additional support in the 
very indefiniteness observed at certain points in the Arundel-Patapsco 
boundary, must therefore be retained until a more satisfactory interpre- 
tation can be brought forward. 

The well marked unconformity occurring at many points between the 
Arundel and Patapsco formations, notably in the West Hanover district, 
indicates emergence and a distinct erosion interval prior to Patapsco 
deposition. At points somewhat farther seaward and at lower levels, as 
at Federal hill, the line is less distinct and there is a suggestion of grada- 
tion. These facts would seem to indicate that the elevation was not an 
extensive one, bringing only the landward margin of Arundel deposits 
under the influences of subaerial erosion. In cases where this erosion 
resulted in a mere shoaling of the waters only a comparatively slight 
change in lithology and organic remains would be expected. It is cer- 
tain that the tendency of the more recent investigations on these two 
formations has been to show that they are more closely allied than was 
formerly supposed—stratigraphically, lithologically, and paleontolog- 
ically. 

The highly colored and variegated clays of the Patapsco formation were 
evidently deposited in the quieter and deeper waters of this epoch, and, 
like the iron-bearing Arundel clays, bear some relation to the great basic 
eruptive masses, plentifully iron-bearing, which lie to the north and west 
ofthem. This phase of the sedimentation is somewhat more prominent 
in central Maryland, where the rocks of this character are not only well 
developed, but nearest the eastern margin of the Piedmont belt. It is 
also probable that these ferruginous Patapsco clays were also in part 
redeposited from the more richly iron-bearing clays of the subjacent 
Arundel. The Patapsco sands were doubtless derived to a considerable 
extent from those of the Patuxent terrane. 

The unconformity separating the Raritan from the underlying deposits 
is likewise more pronounced to the landward and apt to be obscure to 
the seaward. ‘To the landward also the lithologic break is more clearly 
defined. That a considerable erosion interval occurred is evidenced by 
the undulatory character of the Patapsco-Raritan contact and by the 
marked advance in the grade, variety, and number of the Raritan dicoty- 
ledons. The source of the Raritan materials was clearly in part the sands 
and clays of the preceding formations. The common occurrence of 
white sands, “ fuller’s earth,” and white and generally light-colored clays 
marks another step in the gradual loss of iron in the progressive redepo- 
sitions of the more richly ferruginous materials of the preceding deposits, 

That the conditions of deposition, which the heterogenous character 
of the deposits show to have been highly varied, were, especially toward 
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the last, considerably nearer the marine is indicated by the much more 
common occurrence and more active operations of Teredo. 

Raritan sedimentation was closed by an uplift more strongly marked 
than before to the landward. The westward portions of the terrane were 
extensively eroded, and resubsidence inaugurated Matawan sedimenta- 
tion. This depression of the continental border was distinguished from 
the others by its extent, which was such as to inaugurate the deposition 
of more or less well defined marine sediments, including greensands, at 
points where only estuarine materials were laid down during preceding 
epochs; hence the term “ Marine Cretaceous,” which has been often 
used by geologists to distinguish the later Cretaceous deposits from those 
of the earlier estuarine beds of the Potomac group. 

The distinctly estuarine character of the Potomac sediments points to 
the existence for a long period of an extensive area of more or less 
brackish water along the eastern border of the North American continent. 
It must have reached at least from cape Cod to the Gulf. That it was 
either a sound, a lagoon, an embayment or an estuary, ora series of these, 
ona vastly greater scale than any along the Atlantic coast today, is 
probable. McGee's recent studies of the gulf of California suggested the 
possibility of an Atlantic barrier comparable in scale to the peninsula 
of Lower California. The evidence available, however, to establish the 
actual existence of any such type of barrier in early Cretaceous time 
appears to be scant. The comparatively sudden appearance of marine 
sediments which marked the beginning of the Upper Cretaceous points, 
to be sure, to the disappearance of some form of barrier, but what may 
have been its character or extent seems impossible of determination 
with the facts at hand. In the succeeding chapters the surface configu- 
ration both of the crystalline floor and of the Potoniae group is discussed, 
and some possible interpretations advanced. 

The greater thickness of the formations of the Potomac group along a 
belt somewhat to the eastward of the Fall line may have emphasized the 
downward movements in this portion of the Coastal plain during Potomac 
time. On the other hand, the gradual removal of the weight over the Pied- 
mont region by the removal of its residuals has occasioned an upward 
movement of that area as well as immediately adjacent Coasta! Plain re- 
gions. The accumulating results of these tendencies, particularly the first 
mentioned, from the beginning of Potomac time until the present, have 
been the weakening of the crystalline floor near the landward border of 
the Coastal plain accompanied by monoclinal folding and even faulting 
on a limited seale. McGee’s studies of the upper Chesapeake area, and 
others to the northward and southward, fully convinced that author 
some years since that displacement had actually occurred, though no 
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very definite evidence was adduced in demonstration of the same. 
Other writers, including Fontaine, however, believe that we have to do 
merely with sedimentation across a pre-Potomac escarpment. In the 
opinion of the authors of this paper, the Fall Line phonomena in Mary- 
land, and elsewhere, afford considerable evidence of monoclinal flexures 
merging into simple and compound faulting. A number of carefully 
constructed vertical sections on a large scale have been made across the 
Fall Line zone, and these show in nearly every instance evidence of one 
or the other of the above mentioned phenomena, along with the marked 
increase in the dip of the Potomac deposits already mentioned. 

Evidence of the actual displacement in the Potomac beds is most 
clearly defined in the vicinity of Relay, Maryland, and the evidence is 
strengthened by the fact that the Miocene beds of Catonsville lie consid- 
erably higher than the normal dip of the main body of the Miocene 
deposits calls for. 

At the openings of the Maryland Clay Company, at Northeast, Mary- 
land, there occurs a well defined example of an anticline in the Patuxent 
beds, which is believed by Ries to have been produced by the hydration 
of the subjacent feldspathic rock in the process of its decomposition into 
the residual koalin mined at this point. Though the scale on which the 
folding occurs is small, the phenomena afford a suggestion as to the 
possible causes of some of the lesser irregularities in the Patuxent beds 
which lie near the crystalline floor. 


SurFACE CONFIGURATION OF CRYSTALLINE FLoorR AND ITs RELATION TO 
Poromac Basin oF DEposITION 


The basal beds of the Potomac group rest on a more or less uneven 
surface of crystalline rocks, in which certain of the more important 
drainage lines of the present day were already established, as is shown 
both by the marginal contacts and by the well borings near the land- 
ward border of the formations. 

The great increase in the dip of the Patuxent and succeeding forma- 
tions along the Fall line has already been alluded to, as well as the 
evidence that it represents in part at least a fault scarp. 

It is significant, however, that there is a marked though less pro- 
nounced decline in the dip of the strata eastward of the Fall line all 
the way to the seaward margin of the Coastal plain. The evidence for 
this is furnished by the deep-well borings in Delaware, Maryland, and 
Virginia, the number of which is not as great as could be desired, 
although they all show, without exception, a progressively lessened dip 
of the beds as the distance from the landward margin increases. 
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The following wells of the middle Atlantic slope reach the crystalline 
rocks and show the following rates of descent of the crystalline floor: 


Location of well. E2382) om 
> 
| 453 2 2 
2Fas ors 
=) & 
Miles. Feet. Feet. | Feet. 
Ice works, South Wolf street, Balti- | 
Farnhurst, Delaware ... .. ........- 2 Ill | 55+ | *211 
Baltimore copper works.............- 2 | 187 | 93.5 | Unknown 
Sandy point, Virginia ............... 2 270 =| 
os 2 210 105 *210 
Indian Head, Maryland......  ...... 5s 421.5+ 
Middletown, Delaware. 12 452 37.7 302+ 
North End point, Virginia........... 72 1,162 15.7 | 202 
| 


These records indicate a rapid decline near the Fall line in all the 
landward wells and a marked prominence in the crystalline floor in the 
Middletown, Delaware, area, which may represent an extension of an 
axis from Iron, Chestnut, and Grays hills to the southeastward. They 
also show an actual thinning of the Potomac deposits to the seaward, 
as shown by the well at North End point, where the thickness of the 
Potomac beds is only one-half the normal thickness at the outcrop. 

The record of the well borings becomes of the highest significance 
when it is remembered that this crystalline surface has been receiving 
along its seaward margin progressively greater and greater loading 
through deposition since Potomac time. The conclusion is readily 
reached that subsidence gradually took place, and that the land barrier 
along the eastern margin of the Potomac basin was depressed below sea- 
level. 

Marsh and McGee, as well as most other writers, have expressed their 
belief in such a barrier, although without adducing any further concrete 
evidence of the same than the estuarine character of the Potomac sedi- 
ments. McGee has suggested, as above stated, that the Potomac barrier 
may have been comparable in character and extent to the existing 
peninsula of Lower California. 

Another possible, although perhaps less plausible, interpretation of 


*The full sequence of Potomac deposits is not penetrated in the Baltimore, Farnhurst, Sandy 
Point, and Quantico wells. 
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these phenomena is found in the hypothesis of incipient folding in 
post-Potomac time. 


Surface CONFIGURATION OF Potomac GROUP AND ITS POSSIBLE 
INTERPRETATION 


The records of deep artesian well borings to the eastward of the Poto- 
mac belt indicate some clearly defined irregularities in the rate of 
decline of the Potomac surface. It will be seen from the following 
table that only a single record shows a greater decline than 25 feet, 
while most of them show a descent much less than this amount, in one 
instance (Crisfield) even less than the observed average landward dip 
(123 feet)!of the Eocene deposits which immediately overlie the Poto- 
mac beds to the southward. 


| = | 
| | | 3B 
Location of well. & | 
= 
3% | | #2 
a 
Miles Feet. vet Feet 
Middletown, Delaware........... ek 150+ 25+ 302+ 
Rock Hall, Maryland.. -............. 7 240 34 Unknown 
Claiborne, Maryland ................ 19 440 23 - 
Tunis Mills, Maryland.... .......... 24 430 18 “ 
Tilghmans island, Maryland........ | 27 400 15 si 
Gloucester Court-House, Virginia... . | 38 600 16 
Williamsburg, Virginia .............. | 38 550+ 14.5 276+ 
North End point, Virginia........... 62 920 15 252 
Crisfield, Maryland ................- | =a 964 10.6 100+- 


Accortling to these records, there is a marked lessening in the decline 
of the Potomac surface far to the seaward. There is even an actual 
rise in this surface in the “ Eastern shore” of Maryland and Delaware 
between the Chester and Choptank rivers, although it again declines 
eastward a little farther seaward, as shown by the boring at Gloucester 
Court-House, Virginia. Whether we have to do with an erosional irreg- 
ularity in the Potomac surface or with incipient deformation, the facts 
at hand do not permit us to determine. If the irregularity is due to 
the latter cause, the axis of the anticline would not seem to be coinci- 
dent with that of the peninsula of Delaware, but would cross the latter 
in a northeast-southwest direction. A depressed barrier such as has 


XXXI—Butt, Geox. Soc, Am., Vow. 13, 1901 
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sé above been indicated may well have served 
= af 
g Ze as the seaward buttress in such deformation. 
= 
s2%s Whether there may be more than one of these 
RSEs axial prominences in the Potomac surface is 
sESEr a question of much interest, but which can 
& &O ’ 

7S not be answered with the data at hand. 


Crisfleld, Md. 


The lessening in the descent of the Potomac 
surface far to the seaward. as indicated by 
the borings at North End point and Crisfield, 
is in general in harmony with the relations 
of the subjacent crystalline floor above de- 
scribed. 


AGE OF THE Potomac Deposits 


North End 


Point, Va. 
=, ve There has been much discussion as to the 


age of the Potomac group. Most geologists, 
particularly those who have studied the 
floras, have believed the entire group to be 
of Cretaceous age, while a few investigators, 
notably the late Professor Marsh,* of Yale 
University, have regarded it of Jurassic age. 
The authors of this paper in an earlier publi- 
vation pointed out this difference of view, 
and clearly showed that the dicotyledonous 
floras were practically confined to the two 
upper formations, while the dinosaurs on 
which Professor Marsh based the Jurassic 
age of the Potomac group were found in the 
Arundel formation. As the result of these 
observations, and without attempting to de- 
cide finally regarding the paleontologic evi- 
dence, they placed the two lower formations 
of the Potomac group questionably in the 
Jurassic. Since the publication of the above 
paper the authors have made a very exhaust- 
ive examination of the several formations 
and collected large numbers of animal and 
plant remains. As the result of this work 
a considerable dicotyledonous flora has been 
found to exist in the Arundel, although 
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Ficure 1.—Generalized Vertical Section Across Atlantic Coastal Plain 
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*0O.C. Marsh: “Jurassic Formation of the Atlantic Coast.”’ 


Quantico, Va. 
Amer, Jour, Sci., Aug., 1896, pp. 105-115. 
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of somewhat primitive type. At the same time a single dinosaurian 
bone, somewhat waterworn, and possibly redeposited from the Arundel, 
has been found in the Patapsco, although its fragmentary character 
renders it impossible to determine its systematic relations. The results 
of these observations, together with the discovery by the late Professor 
Cope of a plesiosaur in the Raritan formation of New Jersey and of a 
dinosaurian limb bone by Woolman in the Matawan formation of the 
same state, although not definitely settling the age of the deposits, cast 
further doubts on the Jurassic affinities of the Arundel and at the same 
time of the underlying formation—the Patuxent. 

The question as to the age of the Potomac group is therefore narrowed 
down to two propositions : 

First. Is the Arundel dinosaurian fauna conclusive evidence of the 
Jurassic age of that formation, and therefore of the subjacent Patuxent ? 
No less an authority than Professor Marsh, after a study of its dinosaurian 
fauna, unquestionably refers the Potomac group to the Jurassic, although 
at the time not cognizant of the complexity of its deposits. He regarded 
the Potomac as a single formation, as has been the case with many other 
geologists. In his view regarding the Jurassic age of the Potomac, Pro- 
fessor Marsh has been supported by a few others, mostly among English 
geologists, since the question here presented is recognized to involve the 
age of the Wealden as well. Professor Marsh lays much stress on the 
equivalence of the Potomac with deposits which he has regarded as 
Jurassic in the Rocky Mountain district, but some doubts have been 
expressed by others whether these deposits may not be younger. It 
seems to the authors that further study by vertebrate paleontologists is 
required before these questions can be settled and the Jurassic age even 
of the two lower formations of the Potomac group can be accepted on 
the evidence of the fossil vertebrates. 

Second. Are the floras of the Arundel and Patuxent formations, with 
their primitive dicotyledonous types, of necessity Cretaceous? There is 
apparently no question regarding the Cretaceous age of the Raritan and 
Patapsco formations, the uppermost beds of the Raritan even containing 
floras that have been regarded by Professor Ward as middle Cretaceous, 
The paleobotanists who have studied the floras of the earlier formations 
admit that there are many forms which show Jurassic affinities. Pro- 
fessor Fontaine, in his study of these floras, states that there was an 
“overwhelming percentage of Jurassic types,” but unhesitatingly refers 
the Potomac flora as a whole to the Cretaceous, correlating the deposits 
with the Cretaceous beds of England. This view is held by nearly all 
paleobotanists who regard the presence of dicotyledons, although of 
primitive types, as unquestioned evidence of the Cretaceous age of the 
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Arundel and Patuxent formations. Further investigations of these floras 
may, to be sure, lead to other conclusions, but large collections have 
: already been made, and the paleobotanists who have studied them have 
registered their decision regarding the Cretaceous age of the deposits in 


no uncertain way. 
- From our present knowledge of the floras and faunas it is apparent 
that there is considerable disparity between the evidence afforded by 
vertebrate paleontology and by paleobotany. At least such is the case 
if equal consideration is given the conclusions of each group of investi- 
gators. It seems essential, however, to suspend final decision of these 
; questions until more exhaustive investigation of the faunas and floras 
has been made throughout the entire Coastal region. The authors there- 
fore temporarily place the boundary line between the Jurassic and Cre- 
taceoug at the base of the Patapsco formation, but with the feeling that 
much doubt exists regarding it, and that the question is far from settled. 


SruDY OF SCIENTIFIC AND ECONOMIC COLLECTIONS 


A large number of new stations yielding fossil plants have been found 
by the authors, and the collections of silicified stems of Cycadeoidea 
(plate 28, figure 1) from the middle and lower Potomac have reached 
more than a hundred specimens. The collection of silicified and limon- 
itized coniferous woods and lignites has likewise been much increased, 
A large dicotyledonous flora has also been collected from the upper for- 
mations, These materials are undergoing monographic study by Ward, 
Knowlton, and Fontaine. 

One notable addition has been made to the collection of Arundel 
dinosauria—a rib of an exceptionally large dinosaur in a condition of 
preservation quite unusual in the Arundel beds. This bone, together 
with the large femur excavated in 1895 and a number of other fragments 
of huge bones and large teeth (plate 28, figure 2) found at widely sepa- 
rated stations, clearly show what has not been generally supposed, that 
gigantic as well as diminutive dinosauria inhabited the Arundel swamps. 
One of these, according to Lucas, who has undertaken the extremely 
difficult task of deciphering these mostly fragmentary remains, reached 
at least 40 feet in length. 

Two localities in the Arundel of Maryland have yielded molluscan re- 
mains. These have been placed in the hands of Stanton for study. 

Extensive collections illustrating the highly varied economic deposits 
of the Potomac terrane have also been made, notably of clays, whose 
‘ study by Ries has already reached completion. The results of these 

| several studies, as well as those of the authors, will later appear in 
monographs of the Maryland Geological Survey. 
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INTRODUCTION 


The Coal Measures of Maryland have frequently been considered by 
geologists independently of the deposits of the same age in the adjacent 
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states of Pennsylvania and West Virginia. This has been in large 
measure due to the fact that the study of the Maryland Coal Measures 
has been mainly confined to the Georges Creek basin, a deep synclinal 
trough that presents the only full representation of the formations of 
the Coal Measures within the limits of the state. The consequent lack 
of continuity in many of the coal seams of this basin with those of other 
regions in Maryland and adjacent states has led to the establishment of 
local terms in denominating these seams, with the result that much con- 
fusion exists as to their equivalents in the other areas. Even the rela- 
tively small amount of consideration hitherto given to the Garrett 
County basins has been chiefly confined to the local occurrences, without 
regard to the correlation of the seams with those of Pennsylvania and 
West Virginia. 

The writers of this article have been engaged for several years in a 
study of the Coal Measures of Maryland, and are satisfied, both from 
an intimate comparison of the sequence of deposits found represented 
in Maryland with those of other areas, and from the continuity of certain 
of the beds with those of adjacent regions in Pennsylvania and West 
Virginia, that the same seams of coal, early described and named in 
Pennsylvania, West Virginia, and Ohio, are present in Maryland, and 
that these names must be accepted for the Maryland coalbeds. The 
accuracy of these conclusions is still further shown by a study of the 
floras and faunas, which at several horizons are highly distinctive, and 
prove the identity of many of the seams beyond all question. The 
authors have been véry much impressed with the wide geographical 
range of the several members of the formations of the Coal Measures, 
many of the beds being traced without difficulty over thousands of 
square miles and for a great distance along the Appalachian unlift, with 
very little change in physical characteristics. The coalbeds especially 
show certain marked features that admit of their ready determination. 
This is seen both in the characteristic position of the partings, as well as 
in the physical constitution of the coal itself. 

The Coal Measures of Maryland are divided into five formations, 
which from below upward are known as the Pottsville formation, the 
Allegheny formation, the Conemaugh formation, the Monongahela for- 
mation, and the Dunkard formation, the latter perhaps of Permian age. 

The formations of the Coal Measures are limited to Allegany and 
Garrett counties, Maryland, the only full representation of formations 
being found in the Georges Creek basin of western Allegany and eastern 
Garrett counties. The upper Potomac basin, which is the southwesterly 
extension of the Georges Creek basin, lacks in its Maryland portion, 
except in two small areas, everything above the Conemaugh formation. 
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In the more western Castleman and upper and lower Youghiogheny 
basins the Pottsville, Allegheny, and Conemaugh alone are represented, 
the latter formation being only in part present. The Castleman basin 
contains, however, only a few rods north of the Pennsylvania line, the 
basal beds of the Monongahela formation. 

The detailed description of the individual members of the Coal 
Measures series is presented in the succeeding pages. The grounds for 
the correlation of these several divisions of the Coal Measures of Mary- 
land with the type sections of Pennsylvania and West Virginia are 
briefly given. The fuller discussion of this subject, together with the 
complete description of the floras and faunas found at the different 
horizons, will be presented in a forthcoming monograph of the Maryland 
Geological Survey on the Carboniferous formations of Maryland. 


THE FoRMATIONS AND THEIR EQUIVALENTS 
POTTSVILLE FORMATION 


Composition and relations—The strata here referred to the Pottsville 
formation consist of conglomerates, sandstones, shales, fire-clays, and 
coals which reach from 330 to 380 feet in thickness. The thickness is 
apparently greatest in the southeastern part of the region under discus- 
sion and decreases toward the north and west. 

The Pottsville formation in Maryland is of the western Pennsylvania 
type and lacks the greatest thickness shown in the southern anthracite 
tield of Pennsylvania, where the formation was named. Comparison of 
the formation, both as a whole as well as the individual members, with 
the strata exposed there can at present be made only on paleontological 
evidence. This is not at this time sufficient for complete correlation, 
and consequently the present discussion will be restricted to a consid- 
eration of the relations of the Maryland deposits with those exposed 
and named in western Pennsylvania. The U.S. Geological Survey in 
its Piedmont folio adopted the name Blackwater formation for the 
deposits of this horizon. 

Basal contact (1).*—The Pottsville formation everywhere rests on the 
red and green shales and sandstones of the Mauch Chunk formation. 
There is some evidence which suggests an unconformity, but it is not as 
yet conclusive. 

Sharon sandstone (2).—A sandstone which probably nowhere in Mary- 
land exceeds 25 feet in thickness, and is sometimes absent, is generally 


*The numbers used in this paper correspond to those used on the plates. There is no inten- 
tion to give the coal seams and other members of the Coal Measures of Maryland a permanent 
numbering. 
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found at the base of the Pottsville formation. It is considered to repre- 
sent the Sharon conglomerate because of its position conformably below 
the Sharon coal. 

Sharon coal (3).—Good exposures of the strata at the base of the Potts- 
ville are found one mile below Westernport, Allegany county, and in 
the gorge of the Youghiogheny river, below Swallow falls, Garrett county. 
At each of these localities there are beds of coal in a series of shales which 
lie between the sandstone above mentioned and a much thicker and 
more massive overlying sandstone. Both from the stratigraphic posi- 
tion and from the evidence* of the abundant fossil plants, these beds 
are regarded as the equivalent of the Sharon Coal group. 

Lower Connoquenessing sandstone (4).—Overlying the shales of the 
Sharon group is a mass of very coarse, thick-bedded, white sandstone, 
which from its position is evidently the equivalent of the Lower Conno- 
quenessing sandstone of Lawrence county, Pennsylvania. 

Quakertown coal (5).—Near the top of the Lower Connoquenessing 
sandstone and overlain by a similar thick-bedded sandstone is a coal 
seam which corresponds in stratigraphic position to the Quakertown coal 
of Quakertown, Pennsylvania. The seam named the Bloomington coal 7 
was assigned to a stratigraphic position corresponding to that of the 
Quakertown coal; but under this appellation were also included at a 
few points coals that are now known to belong to the Mount Savage and 
the Clarion seams. 

Upper Connoquenessing sandstone (6).—Overlying the Quakertown coal 
is a coarse white sandstone about 75 feet in thickness, which corresponds 
to the Upper Connoquenessing sandstone described by Dr I. C. White, 
from Lawrence county, Pennsylvania. 

Lower Mercer coal (7).—A very short distance above the top of the 
Upper Connoquenessing sandstone is a thin coal, which corresponds in its 
position with reference to the underlying and overlying beds to the 
Lower Mercer coal of western Pennsylvania. 

Mount Savage fire-clay (8).—Above the Lower Mercer coal, or on top of 
the Connoquenessing sandstone when that coal is absent, is the Mount 

Savage fire- clay, so named from its typical development near the town 
of Mount Savage, Allegany county, Maryland. The bed consists of a 
mass of soft gray shale from 5 to 12 feet in thickness, which softens 
readily, on exposure to the weather, to a plastic, very refractory clay, 
As nodules in this mass, or replacing part or all of it, is the flint-clay, 
which cites from the plastic clay in not becoming plastic: either by 

*Mr David White, after an examination of the foxsils, has informed the eunvons that hat keaten 
siders them to belong to the horizon of the Sharon coal. 

+ The Physical Features of Allegany County, pp. 115, 17e, 


‘ 
‘ 
‘ 
' 


220 CLARK AND MARTIN—THE COAL MEASURES OF MARYLAND 


grinding or on exposure to the weather. The genetic difference between 
the two varieties is not known, and there seems to be no regularity in 
distribution between them. 

Mount Savage or Upper Mercer coal (9).—Immediately above the Mount 
Savage fire-clay is a seam of coal varying in thickness from 2 to 4 feet. 
It is the seam which has long been known as the Mount Savage coal in 
the northern end of the Georges Creek basin, and is the same as the 
Upper Mercer coal of Professor H. D. Rogers. The seam which was 
named the Westernport coal * in the southern Georges Creek basin is the 
same as this. The shales associated with this coal carry an abundant 
flora, which Mr David White, after examination, informs the authors to 
be identical with the Mercer flora. 

Homewcod sandstone (10).—A massive sandstone, varying in thickness 
from 30 to 100 feet, is found a short distance above the Mount Savage 
coal. This was formerly called the Piedmont sandstone. From its posi- 
tion between the Mercer coal group and the base of the Allegheny for- 
mation, it is evidently identical with the Homewood sandstone of Penn- 
sylvania. 


ALLEGHENY FORMATION 


Composition and relations.—The Allegheny formation consists of a series 
of sandstones, shales, limestones, and coal seams having a total thickness 
in Maryland of from 260 to 350 feet. The thickness is greatest in the 
southern and eastern parts of the area, in this respect corresponding to 
the Pottsville. 

The name “Allegheny series ” was proposed by H. D. Rogers in 18407 
to include the strata from the lowest bed exposed at Pittsburg down to 
the “ sandstones and conglomerate at the bottom of the coal formation.” 
The type section is along the Allegheny river between Pittsburg and 
Warren. In later usage the formation was restricted by cutting off the 
upper part, which now constitutes the Conemaugh formation. ‘The Alle- 
gheny formation was also known under the name of the Lower Product- 
ive Coal Measures or Lower Productive Measures. The U.S. Geological 
Survey in its Piedmont folio proposed the name Savage formation for 
the lower part of the Allegheny formation, including the Davis coal, and 
the name Bayard formation for the upper part of the Allegheny forma- 
tion and lower part of the Conemaugh formation up to and including the 
Four-foot coal of the Potomac valley. 

Brookville coal (11).—A seam of coal varying from 1 to 4 feet in thick- 
ness sometimes occurs at or very near the base of the Allegheny forma- 


* The Physical Features of Allegany County, pp. 115, 170, 171. 
t Fourth Annual Report of the Geological Survey of the State of Pennsylvania, p. 150. 
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tion. This is in the stratigraphic position of the Brookville coal. It 
has been known in Maryland as the Bluebaugh coal, and was so called 
in the Report on the Geology of Allegany County. 

Clarion coal (12).—A seam of coal approximating 2} feet in thickness 
is found at an interval of from 12 to 30 feet above the Brookville coal, 
or, in the absence of that coal, about the same distance above the base of 
the formation. This seam corresponds in position to the Clarion coal. 
It has been hitherto known in Maryland as the Parker coal, and was so 
called in the Report on the Geology of Allegany County. 

Clarion sandstone (13).—Separated from the Clarion coal by a thin 
series of shales, there is frequently a massive sandstone, which some- 
times reaches as much as 70 feet in thickness. It is especially well de- 
veloped along the Potomac river in Garrett county, where it can readily 
be mistaken for the Homewood sandstone. This sandstone is in the 
stratigraphic position and has the lithologic character of the Clarion 
sandstone of Pennsylvania. 

Ferriferous limestone (14).—A short distance above the Clarion sand- 
stone, or the horizon for it, is a limestone a few feet in thickness. This 
limestone has been seen at only a few points in the southern part of 
Garrett county. At all of these localities it is evidently of fresh-water 
origin, and contains no fossils except Ostracoda. In the bore-hole four 
miles northwest of Oakland a thin limestone with marine fossils was 
encountered at this horizon. It is the position of the “ Ferriferous”’ 
limestone of Pennsylvania, and is probably the equivalent of the Putnam 
Hill limestone of Zanesville, Ohio. 

Kittanning sandstone (15).—The interval between the Ferriferous lime- 
stone and the next coal above is usually occupied by shale. In the 
bore-hole four miles northwest of Oakland, where this interval is large, 
it is occupied in part, however, by sandstone. This sandstone corre- 
sponds in position to the Kittanning sandstone of Pennsylvania. 

“ Split-six” coal (16).—Separated from the Ferriferous limestone by a 
variable thickness of shale is a seam of coal about 4 feet in thickness, 
but too impure to mine. This is best developed in the southern end of 
the Georges Creek valley, where it is known as the “ Split-six.” It does 
not appear to have any named equivalent in other regions. 

Lower Kittanning coal (17).—A seam of coal of great persistence, which 
can be seen at almost every point where strata of this horizon are ex- 
posed, occurs at an interval of from 90 to 140 feet above the base and 
from 170 to 210 feet below the top of the Allegheny formation. This 
seam corresponds in stratigraphic position to the Lower Kittanning coal 
of Pennsylvania. 
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Middle Kittanning coal (18).—Another seam of equal persistence is 
found at a distance of from a few inches to 30 feet above the top of the 
ower Kittanning coal. Over broad areas it is so close to the Lower 
Kittanning that the two form practically one seam. The upper of these 
closely associated seams is probably the equivalent of the Middle 
Kittanning coal of Pennsylvania. 

The Lower and Upper Kittanning coals are called in the upper Poto- 
mac basin the Davis coal, and locally in the lower Georges Creek basin 
and in the vicinity of Piedmont, West Virginia, by the name of the “ Six- 
foot.” 

Upper Kittanning coal (19).—Separated from the Middle Kittanning 
coal by from 30 to 60 feet of shale and sandstone is a seam of coal from 
1 to 34 feet in thickness. This is in the position of the Upper Kittan- 
ning coal. 

Lower Freeport sandstone (20).—A short distance above the Upper Kit- 
tanning coal is a massive sandstone of variable thickness, which corre- 
sponds in position to the Lower Freeport sandstone. 

Lower Freeport limestone (21).—A limestone 16 feet in thickness was 
encountered at a distance of 28 feet above the Upper Kittanning coal in 
one of the bore-holes at Henry. ‘This is the horizon of the Lower Free- 
port limestone of Pennsylvania. This limestone has not been seen 
elsewhere in Maryland. 

Lower Freeport coal (22).—A seam of coal of variable thickness some- 
times appears at a distance of from 35 to 60 feet below the top of the 
Allegheny formation. It corresponds in position to the Lower Freeport 
coal of Pennsylvania. , 

Upper Freeport sandstone (23).—-A short distance above the Lower 
Freeport coal is a very massive, sometimes conglomeritic, sandstone. 
This is the Upper Freeport sandstone of Pennsylvania. 

Upper Freeport limestone and Bolivar fire-clay (24).—Immediately above 
the Upper Freeport sandstone, or the horizon of that sandstone, there 
sometimes appears a thin limestone which corresponds in position with 
the Upper Freeport limestone. At several places a flint fire-clay has 
been observed at this horizon, and in such cases the limestone is absent. 
A similar relationship has been reported from Pennsylvania, where the 

solivar fire-clay is regarded as “replacing” the Lower Freeport lime- 
stone. 

Upper Freeport coal (25).—At the top of the Allegheny formation is a 
very persistent seam of coal, which, in its relationships to the overlying 
and underlying strata, corresponds to the Upper Freeport coal of Penn- 
sylvania. This seam has been called the “ Four-foot” in the Georges 
Creek valley and the “ Three-foot” in the Potomac valley. In the Pied- 
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mont folio of the U. S. Geological Survey and the ‘“ Report on the Geol- 
ogy of Allegany County ” it is called the Thomas coal. 


CONEMAUGH FORMATION 


Composition and relations. —The strata here referred to the Conemaugh 
formation consist of a series of sandstones, shales, conglomerates, lime- 
stones, and coal seams. The total thickness varies from 600 to 700 feet. 
The average thickness in the Georges Creek basin is about 630 feet. In 
the Potomac basin it is slightly greater. In the Castleman basin the 
only complete measurement obtainable in Maryland gave about 700 
feet, which, howeyer, is 100 feet in excess of the thickness obtained by 
the Pennsylvania survey farther north in the same basin. The thick- 
ness in the lower Youghiogheny basin is slightly over 600 feet. 

This formation, generally known hitherto under the name of the 
Lower Barren Coal Measures, or Lower Barren Measures, was called the 
Conemaugh formation by Franklin Platt in 1875* from the typical 
development cf these rocks along the Conemaugh river, in western 
Pennsylvania. This formation has also been known under the name of 
the Pittsburg Coal series and the Elk River series, while that portion 
above the Four-foot coal of the Potomac valley was called by the U.S. 
Geological Survey in its Piedmont folio the Fairfax formation. 

Lower Mahoning sandstone (26).—A very massive and persistent sand- 
stone from 25 to 50 feet in thickness occurs at the base of the Conemaugh 
formation. It corresponds to the lower part of the Mahoning sandstone 
of western Pennsylvania and eastern Ohio. 

Mahoning limestone (27).—Overlying the Lower Mahoning sandstone 
issometimes a bed of limestone corresponding to the Mahoning lime- 
stone. It has been recorded by I. C. White tf from a bore-hole at Fairfax, 
where it has a thickness of 20 feet, and occurs at a distance of 42 feet 
above the base of the formation. In the bore-hole at Jennings mill, in 
the Castleman basin, it is apparently represented by a bed of carbonate of 
iron 3 feet in thickness and is about 20 feet above the base of the forma- 
tion. This corresponds to the Johnstown iron ore, which, in Pennsylva- 
nia, is recognized as occurring at the horizon of the Mahoning limestone. 

Mahoning coal (28).—In the absence of the Mahoning limestone there 
frequently appears in its place a thin seam of coal, known in Pennsylvania 
and West Virginia as the Mahoning coal. 

Upper Mahoning sandstone (29).—Immediately above the Black roof- 
shales of the Mahoning coal, or, in the absence of the coal or of the lime- 


* Second Geological Survey of Pennsylvania, H, p. 8. 
+ Bull. 65, U. 8S. Geol. Survey, p. 82. 
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stone, as the case may be, forming one continuous mass with the Lower 
Mahoning sandstone, is the Upper Mahoning sandstone. This sandstone 
varies much in lithologic character and thickness. Sometimes it is very 
massive and conglomeritic, while at other times it is thin-bedded and 
shaly. 

Masontown coal (30).—A seam of coal having a thickness of from 18 to 
24 inches, and without partings, is found in a position varying from 85 
to 125 feet above the base of the formation. From its position aboye 
the Mahoning sandstone, and more especially from its relation to the 
overlying fossiliferous beds, this is regarded as the equivajent of the 
Masontown coal of Pennsylvania. 

Lower Cambridge limestone (31).—Separated from the Masontown coal 
by about 5 feet of fissile, black carbonaceous shale is a band of calcareous 
shale or bituminous limestone, usually about 8 inches in thickness. This 
limestone and the overlying shales are filled with well preserved marine 
fossils. The fauna is very rich, both in individuals and in species. No 
detailed study has as yet been made of it, but enough species have been 
determined to make it certain that it is the fauna of the Lower Cambridge 
limestone of Ohio and Pennsylvania. The greatest thickness of this 
limestone known in Maryland was obtained in the bore-hole at Jennings 
mill. Here it is 3 feet thick, and is overlaid by 4 feet of black, fossiliferous 
shale. 

Buffalo sandstone (32).—A short distance above the Lower Cambridge 
limestone is a sandstone, which sometimes attains a thickness of 40 feet. 
It corresponds with the Buffalo sandstone of western Pennsylvania, 
which was formerly considered to be the equivalent of the Upper Ma- 
honing sandstone, but which [. C. White has shown to overlie the Lower 
Cambridge limestone. 

Upper Cambridge limestone (33).—In the river bluff north of Friends- 
ville there are two thin limestone beds at intervals of 32 and 450 feet 
respectively above the Lower Cambridge limestone. One or both of 
these probably represent the Upper Cambridge limestone of Ohio. Both 
beds carry marine fossils. 

Lower red shales.—The interval between the top of the Buffalo sand- 
stone and the under clay of the Bakerstown coal contains a large amount 
of red and green shale. The Upper Cambridge limestones occur in these 
shales, and the red shales themselves carry fossils. These red beds are 
very persistent, and their outcrop can be easily traced throughout the 
Lower Youghiogheny basin. They were encountered at their normal 
position in the bore-hole at Jennings mill, in the Castleman basin, and 
are evidently the beds known by that name in Pennsylvania. 
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Bakerstown coal (34).—A very persistent seam, which in some districts 
js of considerable economic importance, occurs at an interval varying 
from 90 to 135 feet above the Masontown coal. The thickness of the coal 
varies from 2 to 5 feet. This seam occupies the stratigraphic position of 
the Bakerstown coal of Pennsylvania. It is the locally recognized Bar- 
ton coal, described by that name in the Report on the Geology of Alle- 
gany County, but apparently not the Barton coal of the Pennsylvania 
reports. In the Georges Creek basin it is commonly known as the 
“Three-foot,” in the Potomac valley as the “ Four-foot,” and in the Castle- 
man valley as the “ Honeycomb ” seam. 

Saltsburg sandstone (35).—A massive crossbedded sandstone, about 30 
feet in thickness, occurs above the Bakerstown coal and is separated from 
itby a variable thickness of shale, This sandstone is evidently the Salts- 
burg sandstone of Professor Stevenson, so named from its occurrence at 
Saltsburg, Pennsylvania. 

Crinoidal coal (36).—A thin but very persistent and characteristic coal 
seam, Which has been of the greatest service in correlation, is found at an 
interval of from 90 to 160 feet above the Bakerstown coal. This seam is 
the same as the one which has been called the “ Crinoidal coal” in the 
Pennsylvania reports and the “ Crinoidal coal ” or ‘* Coal 8)” in the Ohio 
reports. It is possible also that the “ Platt coal ” of the Somerset basin 
may be the same as the “ Crinoidal.” The coal is well exposed and has 
been mined for local use at several places in the Castleman basin and 
inthe Lower Youghiogheny basin near Friendsville, and also at many 
places in the northern end of the Georges Creek basin, where it attains 
the thickness of 28 inches, the greatest known in Maryland. One of 
these old mines near Mount Savage was visited by Lyell in 1842, who 
described the occurrence of the coal, its position and thickness, and gave 
alist of fossils found in the overlying shales.* 

Ames or Crinoidal limestone (37).—The Crinoidal coal is overlain by 
either a limestone or a c: + ee shale full of marine fossils. This lime- 
stone occurs in a position exactly similar, with reference to the overly- 
ing and underlying strata, to that of the Crinoidal limestone of the Penn- 
sylvania reports, and to the Ames limestone of the Ohio reports. The 
fauna, as far as known, is the same as that found in this bed in Ohio 
and Pennsylvania. In both of these states and in West Virginia the 
limestone is of very great persistence and has been of the greatest service 
in the correlation and location of the mae 

Blick coal (38).—A very thin apd vari: able coal, which ‘apparently 


* Travels in North America, with Observations on the United States, and 
Nova Scotia. 
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represents the Elklick coal of Pennsylvania and West Virginia, is found 
at about 35 feet above the Ames limestone. 

Morgantown sandstone (39).—Immediately above the Eiklick coal or its 
horizon, if the coal is absent, is a very massive and constant sandstone, 
frequently conglomeritic in part, which corresponds exactly in its strati- 
graphic relations with the Morgantown sandstone, so called from its 
typical development at Morgantown, West Virginia. 

Clarksburg limestone (40).—A short distance above the top of the Mor- 
gantown sandstone is a limestone from 3 to 9 feet in thickness. This 
limestone has a rather characteristic appearance and contains abundant 
fossil fish and Ostracoda. Marine fossils are entirely absent. In its 
stratigraphic position, its lithologic characteristics, and the general nature 
of its fauna this limestone corresponds to the Clarksburg limestone, so 
called from its occurrence at Clarksburg, West Virginia. 

Franklin or Little Clarksburg coal (41).—A seam of coal which is iden- 
tical with the Little Clarksburg coal of Dr I. C. White is found imme- 
diately above the Clarksburg limestone. In the Georges Creek basin this 
coal is popularly called the “ Dirty-nine-foot,” and in the Report on 
the Geology of Allegany County it was named the Franklin coal from 
its occurrence near the town of Franklin. 

Connellsville sandstone (42).—A short distance above the Franklin coal 
is a very prominent sandstone of considerable thickness. It is very 
strongly developed in the Georges Creek and Potomac basins, where it 
has a very marked influence on the topography. This sandstone is 
found in the stratigraphic position of the Connellsville sandstone of 
southwestern Pennsylvania. 

Lower Pittsburg limestone (43).—Almost immediately above the Con- 
nellsville sandstone is a thin limestone containing no fossils except 
Ostracoda, as far as observed. It has all the characteristic features and 
is evidently the Lower Pittsburg limestone. 

Little Pittsburg coal (44).—Immediately above the last-mentioned lime- 
stone and from 50 to 90 feet below the top of the formation is a seam of 
coal from 1 to 3 feet in thickness: This is the equivalent of the Little 
Pittsburg coal of Pennsylvania. 


MONONGAHELA FORMATION 


Composition and relations.—The strata composing the Monongahela 
formation in Maryland consist of a series of shales, sandstones, lime- 
stones, and coal seams. The thickness varies from 240 to 260 feet. The 
formation is entirely restricted in Maryland to the Georges Creek- 
Potomac basin. The name “ Monongahela series” was proposed by 
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H. D. Roger in 1840* for the Upper Coal Measures as exposed in the 
valley of the Monongahela river. The name has had a varied usage 
since then, part of the time being employed in a broader sense to include 
the upper half of the Coal Measures. The U.S. Geological Survey in its 
Piedmont folio has employed the term Elkgarden formation for all of 
the beds above the base of the Pittsburg coal. 

Pittsburg coal (45).—At the base of the Monongahela formation is the 
seam of coal known locally as the “ Big vein” or “ Fourteen-foot ” coal 
This seam in its stratigraphic relations to the overlying and underlying 
beds corresponds exactly to the Pittsburg coal. The fauna of the roof 
shales, as far as our present knowledge goes, is the same. Dr 1. C. 
White f has pointed out the identity of structure within the bed. The 
following sections showing the resemblance of the bed in the type locality 
to a typical Georges Creek section are quoted from Doctor White's paper : 


Section of the Pittsburg Coal at Lonaconing 


Inches 
** Reof”’ coal, with slate parting below... 20 
“Breast” conl, 6 inches of hone On top... 91 
Section of the Pittsburg Coal at the Ormsby Mine, Pittsburg 
Inches 
8 


*Fourth Annual Report of the Geological Survey of the State of Pennsylvania, p. 150. 
tThe Pittsburg Coal Bed, Amer. Geol., vol. xxi, pp. 49-60. 
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Inches 


The various elements composing the seam are constant and character- 
istic in number and relative position. The relative thickness of these 
individual elements varies from place to place. From the Pittsburg re- 
gion toward the southeast there is a gradual increase in the thickness 
of the “ breast ” coal, which reaches a maximum in the southern end of 
the Georges Creek basin, where the éntire vein has been found at a single 
locality to reach 22 feet in thickness. There is greater change within the 
limits of the Georges Creek basin than there is between the central part 
of the Georges Creek basin and the Pittsburg region. This change con- 
sists chiefly in an increase in the number and thickness of the shales at 
the expense of the “breast” coal. This seam was called the Pomeroy 
coal in the Ohio reports and the Elkgarden coal in the Piedmont folio 
of the U. S. Geological Survey and in the Report on the Geology of 
Allegany County. The name Pittsburg coal was applied to this seam 
by J. P. Lesley in 1856. 

Redstone limestone (46).—A thin limestone is sometimes found a few 
feet above the Pittsburg coal. In this region it is commonly separated 
from it by argillaceous shales. It occurs in the position of the Redstone 
limestone of Pennsylvania. 

Redstone coal (47).—At an interval of from 18 to 45 feet above the Pitts- 
burg coal is a seam of coal which corresponds in position to the Redstone 
coal of Pennsylvania. It is apparently very constant in the Georges 
Creek basin, although it has not been prospected for, and has accord- 
ingly not been opened at many points. The thickness is about 4 feet. 

Sewickley limestone (48).—A bed of limestone occurs about 10 feet above 
the Redstone coal. It is in the stratigraphic position of the Sewickley 
limestone of Pennsylvania. 

Lower Sewickley coal (49).—At an interval of from 25 to 30 feet above 
the Sewickley limestone, and from 40 to 45 feet above the Redstone coal, 
is a thin seam of coal which has been recorded only from Borden shaft 
and the Pumping shaft in the Georges Creek basin. This seam occurs 
at the horizon of the Sewickley coal. As there is another seam above 
this, however, which still falls within the limits of the Sewickley, and 
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Fieure 2.-—PrrrsnurG Coat, near Lonaconine 
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as the Sewickley coal, in being traced westward from its type locality 
by the Pennsylvania geologists, has been found to split into two seams, 
it is considered probable that the same has taken place to the eastward. 
This seam is therefore referred to the Lower Sewickley. 

Upper Sewickley or Tyson coal (50).—A seam of coal of great persistence 
and considerable economic importance is found at an interval of about 
45 feet above the Lower Sewickley, and from 105 to 120 feet above the 
Pittsburg coal. This seam has long been known in the Georges Creek 
region as the Tyson or “ Gas” coal. As is stated above, this seam falls 
within the position of the Sewickley coal, and probably corresponds to 
the upper split of the Sewickley in western Pennsylvania and eastern 
Ohio. 

Sewickley sandstone (51).—Separated from the underlying Upper Sewick- 
ley coal by a variable thickness of shale is a sandstone whose greatest 
observed thickness in Maryland is about 15 feet. Dr I. C. White, in 
Bulletin No. 65 of the United States Geological Survey, calls attention 
to the fact that either a limestone or a sandstone, one only, however, 
to the exclusion of the other, occurs in the interval between the Sewick- 
ley and the Uniontown coals. Where sandstone occurs in this interval 
it is called the Sewickley sandstone. The limestone, on the other hand, 
has been differentiated into the Uniontown and “Great” limestones. 
Throughout Maryland the limestone is apparently entirely absent. This 
occurrence therefore confirms the generalization which Doctor White 
based on his observations in Pennsylvania, West Virginia, and Ohio, 
namely, that either the limestone or the sandstone, but never both, are 
found in the interval between the Sewickley and Uniontown coals. 

Uniontown coal (52).—A thin coal is found in the pumping shaft section 
near Frostburg, about 60 feet above the Upper Sewickley coal and close 
to the top of the Sewickley sandstone. It corresponds in position and 
character to the Uniontown coal of Pennsylvania. 

Uniontown sandstone (53).—A short distance above the Uniontown coal, 
inthe Pumping Shaft section, there is a thin sandstone which is proba- 
bly a poor representation of the Uniontown sandstone. 

Waynesburg limestone (54).—A limestone occurs a short distance above 
the Uniontown sandstone and from 20 to 30 feet below the top of the 
formation which corresponds in its stratigraphic position to the Waynes- 
burg limestone of Pennsylvania and West Virginia. 

Waynesburg coal (55).—There is a very persistent coal seam, of con- 
siderable economic importance, that may occur anywhere in the interval 
up to 20 feet above the top of the Waynesburg limestone. From its 
position, 230 to 250 feet above the base of the Monongahela formation, 
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and in its regular stratigraphic sequence, it is regarded as the Waynes- 
burgcoal. Inthe Report on the Geology of Allegany County it was named 
the Koontz coal, from its occurrence at the mining village of that name 
near Lonaconing. The identity of this seam with the Waynesburg seams 
now appears so certain that the name Koontz will be considered asa 
synonym. The upper part of this coal is the top of the Monongahela 
formation. 


DUNKARD FORMATION 


Composition and relations —The strata here referred to the Dunkard 
formation have an extreme thickness of 390 feet in Maryland. It is 
evident that the entire formation is not represented. The present area 
of the Dunkard deposits in Maryland is restricted to a few small tracts 
in the central part of the Georges Creek basin. The surface has so little 
relief that there are few good exposures, and it is almost impossible to 
obtain a detailed section. In consequence the stratigraphic sequence is 
very imperfectly known. 

The Dunkard formation was named by Dr I. C. White in 1891 * from 
Dunkard creek, in southwestern Pennsylvania. The rocks of this for- 
mation had before been known as the “ Upper Barren Coal Measures” 
or “Upper Barren Measures,” and they were divided into the ‘‘ Green 
County group ” and the “ Washington County group.” As will be noted 
below, the strata in Maryland belong almost exclusively to the latter 
division. 

Waynesburg sandstone (56).—A sandstone of no very great prominence 
occurs a short distance above the Waynesburg coal. It probably repre- 
sents the Waynesburg sandstone, since its stratigraphic position is the 
same. 

Waynesburg “A” coal (57).—A thin coal which corresponds in position 
to the Waynesburg “A” coal of Pennsylvania and West Virginia is found 
on top of the Waynesburg sandstone, and about 45 feet above the 
Waynesburg coal. 

Washington coal (58).—About 75 feet above the Waynesburg “A” coal, 
and separated from it by an interval consisting in Maryland apparently 
of shales and limestones, is a seam of coal whose character is not well 
known. ‘The thickness of this coal is 4 feet or less, but its quality is not 
known. ‘This coal corresponds in position to the Washington coal of 
Pennsylvania. 

Upper Washington limestone (59).—A bed of limestone approximately 
4 feet in thickness occurs about 170 feet above the Washington coal, and 


* Stratigraphy of the Bituminous Coal Fields of Pennsylvania, Ohio, and West Virginia. Bull. 
No, 65, U. 8. Geological Survey, p. 20. 
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Dunkard formation 


Jollytown limestone 


60 Jollytown coal 


59 Upper Washington lime- 
stone 


58 Washington coal 


57 Waynesburg “A” coal 


56 Waynesburg sandstone 


Monongahela formation (45-55) 


COLUMNAR SECTIONS OF THE DUNKARD FORMATION 
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is separated from it by an interval of unknown rocks, apparently shale 
with some limestone. It is in about the position of the Upper Wash- 
ington limestone of Pennsylvania. 

This stratum is important, inasmuch as its top is the dividing plane 
between the two divisions of the Upper Barren Measures or Dunkard 
formation. Almost all of the Dunkard in Maryland falls in the lower 
division or Washington County group of Stevenson, while the upper or 
Green County group of Rogers is represented in Maryland by only the 
65 to 90 feet of strata overlying this, and which cover an area of only a 
few acres. 

Jollytown coal (60).—A thin seam of coal is found about 25 feet above 
the outcrop of the Upper Washington limestone. It is apparently in 
the stratigraphic position of the Jollytown coal of Green county, Penn- 
sylvania. 

Jollytown limestone (61).—A limestone of apparently no very great 
thickness is found about 15 feet above the Jollytown coal. It is in the 
position of the Jollytown limestone of Pennsylvania. 

Above this limestone there are no good exposures, and not more than 
50 feet of strata are preserved in Maryland. The highest bed is a sand- 
stone which caps the hill east of Borden shaft. 


CONCLUSIONS 


The detailed comparisons given in the preceding pages show that the 
various members of the Coal Measures of Maryland closely resemble 
those found in Pennsylvania and West Virginia. They clearly demon- 
strate the fact, if any such demonstration is necessary, that the various 
beds of the Coal Measures have a wide geographical extent, and that 
the individual coal beds possess certain marked physical characteristics 
that can be readily distinguished over wide areas. The similarity of 
sequence of the various members of the coal series is so strikiag and the 
faunal and floral characteristics so marked that the determination of the 
horizons of the several coal seams can be made with remarkable accuracy. 
In the lower formations of the Coal Measures it has been possible to 
establish this identity with the Pennsylvania and West Virginia deposits 
on the basis of actual continuity of the beds, although this is not possi- 
ble in the higher members of the series. The sequence of deposits and 
faunal and floral characteristics are such, however, that very little doubt 
can exist regarding their equivalency. 

The following table shows the sequence of Carboniferous and Per- 
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mian (?) formations in the northern Appalachians as developed in 
Maryland and adjacent states : 


Group Formation Age 


( Dunkard vee Permian (?) 
Monongahela. . . 
Coal Measures....... 4 Conemaugh .. 


Allegheny 


| Pottsville .. . Carboniferous 


Mauch Chunk 


Greenbrier .......... 
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GEOGRAPHY AND TOPOGRAPHY 
IN GENERAL 


The section lies in the hitherto unexplored part of northern Alaska. 
It extends from the 66th parallel north latitude roughly along the 152d 
meridian by way of the Koyukuk, John, Anaktoovuk, and Colville rivers, 
a distance of nearly 400 miles, to the Arctic coast.* 

Geographically the region traversed by the section comprises three 
distinct provinces, that of the Koyukuk or southern, the mountain or 
middle, and the Arctic slope or northern. 

KOYUKUK PROVINCE 
This provinee, extending from the 66th parallel more than 100 miles 


northeastward to the southern base of the mountains, lies mainly in the 
northw estern part of the large Koyukuk basin.+ The province in gen- 


* For a fuller account of this region the reader is referred to the Preliminary Report on a Re- 
connaissance in Northern Alaskaalong the 152d Meridian to the Arctic Coast, soon to be published 
by the U. 8S. Geological Survey. 

+ For a more complete description of the Koyukuk basin the reader is referred to “ Preliminary 
report on a reconnaissance along the Chandlar and Koyukuk rivers, in Alaska, in 1899." Twenty- 
first Ann. Rep. U.S. Geol. Survey, part 2, p. 467. See also “ Bulletin of the American Geographical 
Society,” vol. 34, No. 1, February, 1902: “* Recent work of the U. S. Geological Survey in Alaska,” 
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EDGE OF ANAKTOOVUK PLATEAU AND BASE OF ENDICOTT RANGE 


KOYUKUK AND MOUNTAIN PROVINCES 23 


eral consists of a rolling country composed essentially of Mesozoic rocks 
whose low, rounded hills and ridges vary from 1,000 to 3,000 feet in ele- 
vation. It is supposed to represent the Koyukuk portion of the Yukon 
plateau, but which here is not distinctly marked. The drainage, which 
isseparated from that of the Arctic slope by the Endicott mountains, 
jssouthwestward, The master stream is the Kovukuk, which flows into 
the Yukon, while the large tributaries are South Fork, John, Alatna, 
and Alashuk rivers. The lower part of all these tributaries, as well as 
the Koyukuk, meanders in wide valley flats, bordered by the rolling 
country which has been noted. The Koyukuk river is navigable by 
steamboats to Bettles, near the 67th parallel, a distance of about 530 
miles above its confluence with the Yukon. 


MOUNTAIN PROVINCE 


The middle or mountain province is the most striking. It consists of 
arugged range of mountains composed of Paleozoic rocks extending 
east and west across the field between latitudes 67° 10’ and 68° 25’, 
These mountains, for which the name Endicott is locally proposed, here 
havea minimum width of 80 miles and an average elevation of 6,000 
feet. Orographically the range is regarded as the northwestward con- 
tinuation of the Rocky Mountain system of the United States and British 
Columbia, which here trends nearly east and west entirely across northern 
Alaska, forming the great Transalaskan watershed between the Yukon 
on the south and the drainages of the Arctic ocean on the north. 

In their northward and finally westward course they form a promi- 
nent feature of the concentric geography of Alaska, and embrace in the 
concavity which they present on the south the great basin of the Yukon 
and its well known but not always distinct feature, the Yukon plateau. 
West of the 153d meridian, in the region of the head of the Colville and 
the Noatak rivers, the mountains decrease in elevation and seem to 
divide or fork, forming two ranges. The northern range, continuing 
westward, terminates in the low mountainsand abrupt sea cliffs of cape 
Lisburne at Bering sea, while the southern forms the divide between the 
Noatak and the Kobuk rivers. 

On the southern side the rise from the rolling Koyukuk country is by 
means of foothills, but rapid. On the north the mountains break off 
somewhat abruptly, much-as they do along the edge of the Great plains 
in the western United States, as shown in plate 41. Pronounced fault- 
ing and uplift are evidenced by marked deformation of the strata and 
the presence of fault scarps; sometimes recognizable for miles. Where 
they were crossed the mountains locally present a crescentic or concave 
front to the northward, which is followed by low concentric ridges in the 
plateau beyond, though these grow weaker and die out farther northward. 
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Where best observed during the past season, principally on the John 
and Anaktoovuk rivers, a view across the top of the range presents the 
general appearance of a deeply dissected plateau or baselevel plain, 
which has probably been uplifted from near sealevel, and whose former 
surface is denoted by the expanse of closely crowded peaks, which in 
general rise to an elevation of 6,000 feet, forming an even sky line, as 
shown in plate 42. The floors of the mountain valleys lie at about 2,000 
feet, and the open pass near the northern edge of the range between the 
John and the Anaktoovuk rivers lies at an elevation of scarcely 2,500 
feet. For this dissected plateau feature at the top of the range the name 
Endicott plateau is proposed. 

It seems not improbable that, as our knowledge of the physical geog- 
raphy of Alaska becomes more complete, it may be found that the 
Endicott plateau, having probably a considerable extension to the east- 
ward, may be correlated with similar features, namely, the Chugatch 
plateau, representing the westward continuation of the Saint Elias range 
in southern Alaska, whose dissected surface also lies at an elevation of ° 
about 6,000 feet.* 

The drainage of this portion of the range is principally southward 
into the Koyukuk. The master stream is the John river, rising near 
the northern edge of the range. The main drainage ways are therefore 
of a transverse character, extending across the strike and trend of the 
rocks as well as across the trend of the range, while the tributaries of 
these larger streams, being nearly always controlled by structure, flow 
in general along the strike to enter the master streams, producing a 
rectangular system of drainage. John River valley may be characterized 
in general as open, though certain sections are canyonous, because of the 
character and structure of the rocks. Benching or remnants of old val- 
ley floors occur at heights respectively of 1,700, 600, and 100 feet above 
the present stream, and seem to mark stages of comparative rest in the 
progress of orographic uplift of the land mass from a former lower level. 
Northward sloping benches at the head of John river denote that a large 
area of the drainage at the head of this stream, now flowing southward 
into the Koyukuk, formerly drained northward and entered the Aretic 
ocean through the Anaktoovuk and the Colville instead of Bering sea 
through the Koyukuk and the Yukon, as at present. 


COLVILLE OR ARCTIC SLOPE PROVINCE 


This northern geographic province extends from the northern base of 
the mountains, in latitude 68° 25’, northward to the Arctic coast, a dis- 


*The geology and mineral resources of a portion of the Copper River district, Alaska. U.8. 
Geological Survey, Washington, 1901. 
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tance of 160 miles. It consists primarily of two distinct features, a very 
gently rolling plains country, for which is proposed the name Anaktoovuk 
plateau, and a nearly flat tundra country or coastal plain. The inland 
edge of the Anaktoovuk plateau, which is composed of Cretaceous rocks, 
has an elevation of 2,500 feet, and with gentle slope extends northward 
for a distance of 80 miles to latitude 69° 25’, where, at an elevation of 
800 feet, it is succeded by the nearly flat Tertiary coastal plain, which, 
with very gentle slope, extends 80 miles farther northward to the Arctic 
coast. ‘he drainage of this province is almost directly northward into 
the Arctic ocean. The master stream is the Colville, whose headwaters, 
so far as known, seem to make a somewhat wide detour to the westward 
before flowing directly to the sea. The next larger stream is the Anak- 
toovuk, which, rising in the mountains just east of the head of John 
river, flows northward through the southern part of the, province and 
into the Colville. The most prominent features of the plateau are a few 
low, transverse ridges, extending across it from east to west, feebly imitat- 
ing the front of the mountain range and the shallow valleys that carry 
off the drainage. 

The coastal plain, which is underlain by Tertiary beds, has a breadth 
of about 80 miles. It descends with very gentle slope from an elevation 
of 800 feet in the interior to near sealevel at the coast. In its inland 
portion, the Colville river has sunk its bed to a depth of 200 feet below 
the surface of the plain, but the interstream areas are flat, with the sur- 
face, which appears to be fresh-constructional in form, dotted here and 
there by extremely shallow ponds and lakelets, which in most instances 
are without outlet and present no suggestion of progress toward the de- 
velopment of any system of drainage. 


GEOLOGICAL SECTION 


The horizontal scale of the section (plate 40) is 10 miles perinch. In 
order to show the structure in the Tertiary coastal plain and represent the 
flats and delta near sealevel at the north, it has been given a vertical ex- 
aggeration of 5:1. As the section is confined to the line of traverse, in 
order to represent more accurately the relations of the rocks as actually 
observed, it deviates somewhat from a straight line in its extent across 
the field from A to J. Owing to this restriction to the line of traverse 
in the valleys where the relief has. been relatively reduced by erosion, 
especially in the mountainous portions, the profile rarely rises to the 
normal height of the top of the Endicott plateau ; consequently this 
plateau feature of the range is not represented by the profile of the sec- 
tion. Atthe northern base of the mountains, where the profile descend- 
ing from the mountains, passes from the upturned Devonian on to Plies- 
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tocene till, which is soon found resting on Lower Cretaceous, a belt of 
several miles has been left blank. It is thought possible that Carbonif- 
erous and Lower Mesozoic strata may occur in this region between the 
Devonian and the Lower Cretaceous. 

The rocks encountered comprise representatives of most of the geo- 
logic formations from Silurian to Recent. In point of distribution, as 
shown in the section, they consist primarily of a belt of Paleozoics 80 to 
100 or more miles in width, constituting the Endicott mountains, against 
whose slopes, unconformably on either side, rest the edges of the plateaus 
or uplands, composed of Mesozoics, which in turn are succeeded by Ter- 
tiary. Beginning with the oldest, these several formations or rock series 
will be briefly noted. As the field is new, the names here employed to 
designate the various formations or series are proposed provisionally, 
To afford a more comprehensive view of the relations of the several 
series and avoid repetition in referring to them individually, it may be 
well to note at the outset some features of structure which are common 
to nearly all the Paleozoic series and apply to the range as a whole, 
namely, that the series all strike or trend approximately east and west, 
parallel with the trend of the range. They are nearly all traversed by 
the dominant jointing or major structure of the range, cutting the rocks 
in a northeast and southwest direction, with dip nearly vertical or 
steeply northwest, at an angle of 75 to 80 degrees. This dip may be 
considered normal, since the uplift of the land mass of the range to the 
east exceeds that on the west. The series also nearly always exhibit 
one or more sets of secondary jointing or minor structure, trending ina 
general northwest or southeast direction, approximately at right angles 
to the major structure. The above statements of structure pertaining 
to the Paleozoics in the range apply also in a limited way to the adja- 
cent Mesozoics on either side. 

We may also note that, with the exception of the greenstone schists 
occurring in the Totsen series. the Paleozoics of the range, as well as the 
younger formations of the Arctic slope, are all sedimentary and, so far 
as observed, free from igneous intrusions of any kind. 

The Endicott range consists of two somewhat distmet geologic axes, 
of which the southern seems to be composed of the oldest rocks, namely, 
the Skajit formation, and the Totsen series, of which the former is the 
most prominent. 


PALEOZOIcS 


. SKAJIT FORMATION (UPPER SILURIAN) 


Character and occurrence.—The rocks of the Skajit formation consist of 
heavy-bedded limestone and mica-schist. The limestone is highly al- 
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tered, being finely crystalline, schistose, and often micaceous. Some 
layers, becoming more and more foliated, grade into mica-schist. The 
series occurs in the southern part of the Endicott mountains, where its 
breadth or exposure in a north and south direction is 15 or 20 miles. 
Here it rises toa height of more than 5,500 feet, forms some of the 
highest and most rugged topography of the southern axis, and seems to 
have a thickness of at least 4,000 feet. 

Structure—So far as known, the formation has a general east and west 
strike, parallel with the trend of the mountains. The middle portion is 
synclinal, while the northern and southern edges are anticlinal. The 
formation is unconformable with the Fickett series of the north and ap- 
parently so with the Totsen series on the south, both of which it seems 
tounderlie. In general the dips are gentle, but in some localities fault- 
ing and folding has been intense. The rocks are cut by the major and 
minor jointings of the range, with the joint planes sometimes locally fol- 
lowed by veins of calcite and quartz, containing occasionally a little 
galena or pyrites of iron and copper. 

Age-—Though the limestone, as noted, is much altered by metamor- 
phism, it contains imperfect faunal remains, one of which has been 
identified by Mr Charles Schuchert as probably Meristina or Meristella, 
referring the formation provisionally to upper Silurian and placing it 
among the oldest known fossil-bearing rocks of northern Alaska and the 
northern part of North America. 


TOTSEN SERIES (SILURIAN) 


Character and occurrence.-—This series of rocks, including a strip of 
greenstone schist, occupies an east and west belt 12 miles in width. 
It occurs to the south of the Skajit formation, which it seems to uncon- 
formably overlie, while it unconformably underlies the Bergman series 
onthe south. ‘The rocks consist mainly of mica-schist and some quartz 
mica-schist, in both of which the essential minerals are biotite and quartz. 
Locally the rock becomes graphitic and in cases carries considerable 
quartz in small veins and lenticular bodies, some of which may be the 
source of the placer gold colors found in the gravels. The series is essen- 
tially of sedimentary origin, but the period of sedimentation seems to 
have been accompanied by igneous effusives or flows of basaltic character, 
which were later sheared and schisted with the sedimentary beds, giving 
tise to greenstone schist, of which the most prominent belt, having a 
width of several miles, occurs in the southern part of the field. Though 
on account of deformation and folding there is probably some duplica- 
tion in the Totsen series, its total thickness, by conservative estimate, is 
probably 6,000 or 7,000 feet. 
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Structure.—The Totsen series, like the other rocks composing the range, 
trends approximately east and west, and though as a whole the series 
has been intensely folded, the dip in general is monoclinal, being south- 
ward at an angle of 60 degrees. The major and minor jointings of the 
range are pronounced. Cleavage was noted at several localities. 

Age.—Though the Skajit formation and the Totsen series have un- 
doubtedly been folded and crushed together, judging from the apparent 
higher degree of metamorphism in the Totsen series we should infer that 
it may prove to be the older, notwithstanding, it seems to overlie the 
southern edge of the Skajit formation. It is provisionally referred to the 
Upper Silurian with the Skajit series. 


STUVER SERIES (PRE-DEVONIAN) 


Character and occurrence.—The Stuver series is the oldest group of rocks 
exposed in the northern axis of the Endicott range, of which they form 
the core. This is on the east and west line of the most pronounced and 
geologically most recent crustal disturbance. The uplift, which seems 
to have been going on since middle or late Paleozoic time, has taken the 
form of a broad anticline whose longer limb extends to the southward, 
while the shorter forms in part the north front of the range. Elevation 
was accompanied by faulting; the movement or thrust came from the 
south, and along the axis of the anticline has produced an over thrust 
fold or fan structure. On the north, faulting has resulted in the break- 
ing of the strata and the formation of a fault scarp in the north limb of 
the anticline, between the north edge of the Stuver series and the Lis- 
burne formation. This was farther accompanied and followed by fault- 
ing and erosion, which broke up the immediate region into several great 
fault blocks, and finally brought the Stuver series into view along the 
bight of the fold. From the north edge of the range pronounced faulting 
extends southward into the range for a distance of 15 or 20 miles. The 
Stuver series consists primarily of hard flinty conglomerate and quartzite, 
with some slate and shale. 

Structure-—The exposure is limited to a narrow belt about 5 miles 
in width, trending northward for an unknown distance from the Anak- 
toovuk valley between the faulted and eroded edges of the Lisburne 
formation on either side. On the south, by uplift and faulting, it has 
probably been brought into contact with the lower Carboniferous of the 
Fickett series. Both here and at the north edge of the series, the fault- 
ing, as shown in the section, seems to be normal, but in the Stuver series 
the major jointing trends about east and west and the minor nearly 
north and south. The series is cut by a well marked cleavage, dipping 
northwest at an angle of 45 degrees. The undisturbed relation of the 
Stuver series to the Lisburne formation is apparently conformable. If 
any unconformity exists, it must be very slight. 
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No estimate can be formed of the thickness of the Stuver series, as its 
jower limits gre unknown. The exposed portion amounts to approx- 
imately 2,000 feet. 

Age.—From its position below the the Lisburne series, which is con- 
sidered to extend to below the middle Devonian, the Stuver series can 
certainly not be younger than lower Devonian, and is regarded probably 
pre-Devonian, to which it is provisionally referred. 


LISBURNE FORMATION (DEVONIAN) 


Character and occurrence-—The Lisburne formation consists of medium- 
bedded limestones, with some shale. It occurs next above the Stuver 
series, and. like the latter, has been greatly disturbed by crustal move- 
ments. It forms a belt 15 or more miles in width, extending east and 
west across the valley of the Anaktoovuk. On the southwest it is soon 
delimited by the fault scarp of Contact creek, and farther westward by 
the Carboniferous of the Fickett series, with which its relations are not 
definitely known. To the eastward of the Anaktoovuk the belt seems 
towiden. The series is probably in contact with the Carboniferous on 
the south, while in descending the slope of the mountains on the north 
it disappears beneath the mantle of glacial till, where, judging from 
topography, it is probably soon met and overlain by the Mesozoic or 
Lower Cretaceous. From what has been observed in the region of the 
Anaktoovuk, the thickness of the formation is probably a little over 
3,000 feet. 

Structure-—The entire area of the Lisburne formation here considered 
is more or less deeply involved in the system of faulted and disturbed 
blocks referred to under the Stuver series. At the north base of the 
mountains west of the Anaktoovuk, the formation disappears beneath 
the covering of glacial drift with a dip of 60 degrees to the north, while 
east of the Anaktoovuk, a couple of miles distant, it similarly disap- 
pears, but with a dip to the south at an angle of 75 degrees against the 
fault scarp of the Stuver series, as shown in the section, plate 40. 

Age.—On the basis of Devonian fossils found in surface fragments near 
the top of the mountains formed by the Lisburne formation, the latter 
is provisionally referred to the Devonian. 

The Upper Devonian fossils thus collected by the writer have been 
identified by Mr Schuchert as follows: 


Zaphrentis. Rhombopora. 

Aulocophyllum. Eridotrypa near or identical with E. 
Diphyphyllum. barrandei (Nicholson). 

Fenestella. Productella two species. 

Unitrypa Spirifer disjunctus. 

Hemitrypa. Platyostoma. 


XXXVI—Buut. Grow. Soc. Am., Vou. 13, 1901 
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Fossils were also found in place, but these are too highly altered and 
crushed for identification. 


FICKETT SERIES (LOWER CARBONIFEROUS) 


Character and occurrence.—The Fickett series comprises rocks of very 
diverse character, ranging from chloritic schists or phyllites on the south, 
through limestone, slate and sandstone, quartzite, and grit, to hard con- 
glomerate on the north. As shown in the section, figure 1, the series, 
roughly speaking, lies essentially in the broad trough between the two 
axes of the range already described. This trough was probably occu- 
pied by a shallow arm of the sea in late Paleozoic time, when the axis 
on the north and the south stood above sealevel, and from which 
sediments of the Fickett series have probably been in part derived. The 
series has a width or north and south extent of about 50 miles. On the 
south its edges rest unconformably on the Skajit formation of the 
southern axis, as shown in the geological section, while on the north, 
owing to the faulting, as noted at the head of the John and Anaktoovuk 
rivers, its relations to the older rocks of the northern axis are not defi- 
nitely revealed. It seems, however, to meet the Stuver series and Lis- 
burne formation by fault contact, as has been indicated in the section. 
To the north of this contact, so far as observed in the region of the 
Anaktoovuk, all trace of this series in place, though it must have been 
of considerable thickness, seems to have been removed by deformation 
and erosion. To the westward, however, beyond the limits of the fault- 
block system of the Devonian, at about 20 miles from the Anaktoovuk, 
the Fickett series, as already noted, seems to overlie the Lisburne for- 
mation and possibly extends beneath the Mesozoic at the north base of 
the range, 

Strueture.—The Fickett series, like the other Paleozoics of the range, 
has been subjected to faulting and folding incident to the mountain- 
building forces. The folding in some localities has been intense, as is 
shown by closely appressed anticlinal folds, and puckering in the schist. 
The structure, however, broadly speaking, is essentially monoclinal, 
with strike and trend east and west and the dip south at an angle of 
about 45 degrees, pointing strongly to a later and also to a greater ele- 
vation along the northern axis than along the southern. The major 
structure of the range is exhibited throughout the region covered by the 
Fickett series. ‘There are many faults whose planes are usually slicken- 
sided and dip 70 to 80 degrees northwest. ‘The minor jointing is also 
present. The schists, and notably the phyllites, often exhibit excellent 
cleavage, with medium north to northwest dips. 


and 
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Age.—On the basis of Lower Carboniferous fossiis found in the stream 
gravels, and the lithologic resemblance of the fossil-bearing gravels to 
the rocks contained in the series, and the relation of the series to the 
limestone formation, which seems to be Devonian and to underlie it, the 
Fickett series is provisionally assigned to Lower Carboniferous; but as 
the fossils are believed to occur near the base of the series, it probably 
contains also rocks younger than the Lower Carboniferous. 

The following are the principal forms collected by the writer and 
identified by Mr Schuchert: 


Lithostrotion. Pinnatopora. 

Cystodictya nearest to C. lineata. Productus scabriculus Martin. 
Sireblotrypa near nicklesi Vine. Productus semireticulatus Martin. 
Rhombopora. Spirifer striatus Martin. 
Fenestella. Spirifer near S. neglectus Hall. 
Fenestella near F. cestricensis Ulrich Spiriferina cristata Schlotheim 


Mr Schuchert states that— 


“The above localities represent one formation, in the upper portion of the 
Lower Carboniferous. This fauna, however, is unlike that of the Mississippi val- 
ley, in that it does not have such characterizing fossils as the screw-like bryozoan 
Archimedes and the blastoid genus Pentremites. 

“The only other Alaskan region with which this Arctic Lower Carboniferous 
fauna can be compared is that found on Kuiu island, in southeastern Alaska.” 


CORRELATION OF PALEOZOIC 


As lack of space forbids the correlation of each individual formation 
or series, especially of those of the Paleozoics, with similar formations of 
the same age in other parts of Alaska or the Arctic regions, it may here 
be briefly stated that the present season’s work, together with the evi- 
dence previously collected to the eastward and that to the westward in 
the Cape Lisburne region, seems to indicate beyond question the exten- 
sion of a well developed belt of Paleozoic formations across northern 
Alaska, along the Rocky mountains, from the 35th meridian near the 
Mackenzie to the 66th meridian at cape Lisburne, a distance of nearly 
1,000 miles. In the Cape Lisburne region, as noted, these rocks, having 
a known width of 75 or more miles, terminate in abrupt sea cliffs. The 
thickness of the section here is not known, but it must be considerable, 
from which it seems safe to infer that as a submarine geologic axis the 
Paleozoics probably extend far seaward, and, as this part of the ocean is 
known in the main to be shallow, it is not unlikely that the same Paleo- 
wie axis may continue across and reappear to the westward on the 
Siberian coast. It may be noted, however, that on the portions of this 
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foreign coast visited by Doctor Dall he reports the rock to be essentially 
crystalline or igneous, 


Mrsozoics 
CORWIN SERIES (JURA-CRETACEOUS}* 


Character and oecurrence.—The Corwin series is not represented in the 
section, nor is it known to extend so far eastward as the Anaktoovuk. 
It was encountered several hundred miles northwest of this on the 
coast near Wainright inlet, whence it extends southwestward a dis- 
tance of 180 miles to near cape Lisburne, where it plays a very impor- 
tant part in the geological section of that locality, and since the topog- 
raphy and the open, uniform character of the intervening country sug- 
gests a probable great extension of the series to the eastward, and its 
geological horizon is known on fossil evidence to be above the Fickett 
and below the Anaktoovuk, to be next described, it seems not unlikely 
that the Corwin series occupying this horizon may extend far inland 
along the north slope of the range to near, if not beyond, the meridian 
of the section. The series consists of medium to heavy bedded impure 
gray and brown sandstone and arkose, with shale, shaly slate, and coal. 
The coal includes the Wainright, Beaufort, Thetis, and Corwin coals, to 
which the names Cape Lisburne coals and Cape Beaufort Coal Measures 
have also been collectively applied, and which are likely to prove of 
economic value. While the northwestern edge of the series forms the 
coast line, the southern edge seems to rest unconformably on the Paleo- 
zoics on the south. 

Structure.—The beds lie nearly horizontal or dip southwest at an angle 
of 30 to 40 degrees, are slightly folded and faulted, and are traversed by 
two sets of jointings, one approximately parallel with the strike and the 
other approximately at right angles to it, agreeing in a general way with 
the major and minor structures in the inland portion of the range, as 
has been noted. 

Age.—Fossil plants found in the Cape Beaufort region, and more par- 
ticularly in the shale near the Thetis mine, at cape Sabine, by Mr Dumars 
and Mr Woolfe and others, have been identified by Professor Fontaine 
and Doctor Ward as not older than the Oolitic nor younger than the 
Lower Cretaceous, but as probably on a line between the two.+ 

On this evidence, together with forms collected by the writer from 


Jura-Cretaceous, but for the present it seems best to include them in the Corwin series. 
+A full deseription of these collections will appear in Doctor Ward's second paper on the Older 
Mesozoic floras to be published by the U, 8, Geological Survey. 
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near Wainright inlet, the Beaufort series is provisionally assigned to the 


Jura-Cretaceous. 
The forms from near Wainright inlet are as follows: 


Nageiopsis longifolia Font. Older Potomac of Virginia (Lower Cretaceous). 
Podozamites distantinervis Font. Older Potomac of Virginia (Lower Cretaceous)- 
Baiera gracilis (Bean) Bunbury. Oolitic of Yorkshire, England (Jurassic). 


ANAKTOOVUK SERIES (LOWER CRETACEOUS) 


Character and occurrence.—The Anaktoovuk series, named from the 
river on which it occurs, forms the southern or principal part of the 
gently rolling Anaktoovuk plateau along the north side of the Endicott 
range, Which it meets at an elevation of about 2,500 feet, as shown in 
plate 41. Here its inland edge seems to rest unconformably on the 
Devonian limestone of the Lisburne formation, from whence the series 
extends northward a distance of about 60 miles, where it unconformably 
meets and underlies the Nanushuk series. Eastward the Anaktoovuk 
series is probably soon limited by the front of the Paleozoic range, while 
to the westward and northward it probably embraces and constitutes 
the so-called Meade River mountains, and, continuing northwestward, 
may extend to the Arctic coast. The series consists essentially of heavy- 
bedded impure, dark-gray, or dirty-greenish, fine or medium grained 
sandstone. An inspection of their mineral constituents shows that the 
sediments are obviously derived from the Paleozoic rocks of the range, 
and especially from the Stuver series. 

Structure.—The strike or trend of the Anaktoovuk series is approxi- 
mately east and west, with the prevailing dip generally north, so that, 
broadly considered, the structure is in the main monoclinal. Follow- 
ing deposition, the beds were gradually uplifted and thrown into gentle 
anticlinal and synclinal folds, probably in sympathy with the later 
of the mountain-building forces that were exerted in the range to the 
south. Two systems of jointing frequently traverse the rocks. Of these, 
what seems to be the dominant or major system trends northwest 
and southeast, with dip steeply southward at an angle of 80 degrees, 
while the secondary or minor traverses the rocks at nearly right angles 
to the major, with dip 80 degrees southeast, both systems agreeing in 
general trend with those of the Paleozoics in the range to the south. 

Age.—The series is determined on fossil evidence to be Lower Creta- 
ceous, constituting the typical Aucella beds of Alaska. Remains were 
collected at 8 miles north of the foot of the mountains and successively at 
other points in crossing the series. Of these forms, the principal or most 
characteristic, as determined by Doctor Stanton, are Aucella crassocollis 
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Keyserling, or a closely related form and undoubtedly of Lower Cre 
taceous age. ‘The series is to be correlated with the Koyukuk series, to 
be next described, though the lithologic difference between the two series 
is somewhat marked. 


KOYUKUK SERIES (LOWER CRETACEOUS) 


Character and occurrence.—The Koyukuk series constitutes the southern 
45 miles of the section lying principally between the 66th parallel and 
the Arctic circle, on the Koyukuk river. The series, however, is known 
to extend much farther southwestward, and may with further discovery 
prove to have a very wide extent over the Koyukuk basin. The rocks 
of the series consist of impure pink and reddish limestone, dark shale, 
slate, and some sandstone or arkose, all more or less associated with or 
intruded by igneous rocks, denoting volcanic activity during and subse- 


quent to Lower Cretaceous time. The series is represented as limited 


on the northeast by the Bergman series, which in a general way it seems 
to underlie, but may later be found to be closely connected with it in 
point of geologic age. Owing to the various breaks in the sequence of 
outcrops, and the changed attitude of the rocks, no estimate of the thick- 
ness of the Koyukuk series can be given as yet. It may be noted, how- 
ever, that at the point where the fossils were collected, near the southern 
end of the section, the limestone alone exhibits a thickness of about 800 
feet. 

Structure.—-The series has been variously disturbed by folding and 
some faulting, but the prevailing dip seems to be northward, roughly 
speaking, at an angle of 40 degrees. A profuse jointing trends nearly 
north 25 degrees west and dips steeply northeast, while a well marked 
cleavage dips 75 degrees southeast. 

Age.—The age of the Koyukuk series is supposed to be the same as 
that of the Anaktoovuk series, Lower Cretaceous. This assignment is 
based on the evidence of fossils collected in the impure limestone near 
the southern end of the section, and which were found to be undoubtedly 
of Lower Cretaceous age by the presence of Aucella crassicollis Keyserling, 
thus correlating the Koyukuk series with the Anaktoovuk series, both 
containing Aucella beds typical of Lower Cretaceous in Alaska. 


BERGMAN SERIES (CRETACEOUS) 
Character and occurrence.—The series consists of a comparatively uni- 
form group of rocks, covering a large area in the Koyukuk basin and 


forming in large part the rolling Koyukuk upland already noted. It 
succeeds the Koyukuk series on the north, and has a north and south 
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extent of about 60 or 70 miles. On the north it rests unconformably on 
the schists of the Totsen series at the base of the mountains, while on 
the south it is apparently infolded with the Koyukuk series, which it 
js supposed to closely succeed in geologic age. ‘The series consists essen- 
tially of thin-bedded or medium-bedded impure gray or brownish sand- 
stones and dark slates, with some dark shale and occasional conglom- 
erates; but along the north it is bordered by a belt of conglomerate from 
several to 10 miles in width, which apparently represents the basal 
member of the series. The series is undoubtedly of sedimentary origin, 
but the sediments have been largely derived from igneous rocks, as 
shown by the generally feldspathic constituents of the sandstone and 
by the presence of basaltic or diabasic and granitic pebbles in the con- 
glomerate on the Alatna river and at Lookout mountain. The sup- 
posed basal conglomerate on the north is, however, composed essentially 
of limestone and mica-schist materials derived from the Skajit formation 
and the Totsen series. An accurate estimate of the thickness of the 
series cannot be given. From a general impression, however, it seems 
safe to indicate that it will probably amount to 2,000 feet. 

Structure—The series has been considerably folded and somewhat 
faulted, but toa much less degree than the Koyukuk series. A pro- 
nounced jointing trends northwest and southeast and dips 80 degrees 
northeast. A minor jointing trends north and south and dips east at 
an angle of 80 degrees. On the north, where the series apparently rests 
against the ‘Totsen series, the dip is about 45 degrees south. 

Age.—No fossils beyond undeterminable lignitic plant remains have 
thus far been found in the Bergman series. From its apparent close 
relations, however, to the Koyukuk series it seems that the Bergman 
series is probably Cretaceous. Lithologically it bears a strong resem- 
blance to the Anaktoovuk series to the north of the range. 


NANUSHUK SERIES (UPPER CRETACEOUS) 


Character and occurrence.-—On the north, the Nanushuk series succeeds 
and seems to unconformably overlie the Anaktoovuk series, while north- 
ward it disappears beneath the Tertiary rocks of the coastal plain, with 
which its relations are also apparently unconformable. Its width in a 
forth and south direction is about 30 miles, while its east and west dis- 
tribution is probably somewhat similar to that of the Anaktoovuk series. 
The rocks are mainly thin bedded gray and brown sandstone, generally 
fine grained and sometimes friable, slate-colored arenaceous and impure 
fossiliferous limestone, dark shale or mud rock, soft uncleaved slate, 
fine grained gray quartzite, drab-colored chert, and bituminous coal. 
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Where best observed on the Anaktoovuk, the beds strike nearly east and 
west and dip south at an angle of 80 degrees, but the prevailing dip of 
the series, however, is probably north. The series has been somewhat 
folded and slightly faulted, and it is cut by a pronounced system of joint- 
ing or sheeting along planes approximately horizontal. 

Age.—On fossil evidence, the series is assigned to the Upper Cretaceous 
by Doctor Stanton, who has identified the following forms : 


Tnoceramus, a large species. Tellina, two species. 
. Astarte, numerous. Siliqua, 

Nucula, numerous specimens. Modiola. 

Avicula, Scaphites. 

Pectunculus, several specimens. Hammonia. 


Thracia. 
UPPER CRETACEOUS ON THE KROYUKUK 


To the south of the Endicott range and south of the limits of the 
section in the Koyukuk region, Upper Cretaceous has also been found. 
Of the collection made here by the writer, Doctor Stanton reports the 
following forms and refers the beds to about the same horizon as the 
early Chico: 


Ostrea. Lucina. 

Anomya. Trigonia ef. T. leena Gabb. 
Mytilus. Corbula. 

Pectunculus ef. P. veatchii Gabb. Actwonella ef. A. oviformis Gabb. 
Opir ? 


TERTIARY—COLVILLE SERIES 


This series of Tertiary terranes succeeds the Upper Cretaceous or 
Nanushuk series on the north, forming a flat tundra country or coastal 
plane. It extends from some distance above the mouth of the Anak- 
toovuk 100 miles northeastward to the Arctic coast. The inland edge 
of the coastal plain has an elevation of about 800 feet, from which, with 
very gradual slope, the surface descends approximately to sealevel at the 
coast. The series consists principally of heavy bedded, partially con- 
solidated silts or mud rock, with intercalated harder layers of soft sand- 
stone, limestone, shale, lignite, and unconsolidated silts (see plate 43). 
The sediments are conspicuously derived from the preceding Cretaceous 
formations and the Paleozoics of the Endicott range. So far as observed 
during the past season, the series is separable into two parts—Oligocene 
and Pliocene. The portion assigned to the Oligocene is best exposed 
along the Colville in the region of the mouth of the Anaktoovuk. Here 


F 
| 


A 
and 
of 
; 
ous 
. 
the 
nd. 
the ‘ 
the 
or = 
tal 
ik- 
ge 
ith 
he 
\d- 
us 
ed 
ne 
ad | 
re 
% 


$S44N18 GNV HBAIN 


_—— 
~~ 


“Id ‘EL “IOA “90S "1039 


| 


COLVILLE RIVER AND BLUFFS 


XOLVILLE SERIES 249 


it constitutes the lower three-fourths, or 150 feet, of the section exposed, 
and ineludes all the above noted rocks, excepting the unconsolidated 
silts. These latter are free from lignitic remains, and on the basis of 
their invertebrate fossils are assigned to the Pliocene. Accordingly the 
Pliocene, so far as observed, consists of nearly horizontal stratified beds 
of mostly fine gray slate and ash-colored calcareous silts, containing 
faunal remains. By conservative estimate the thickness of the Colville 
series is probably 500 or 600 feet, and, judging from topography, it prob- 
ably has a very great extent in an east and west direction, possibly reach- 
ing the coast in the region south of point Barrow. 

Though the series, as shown in plate 43, has been slightly faulted, 
folded, and crowded from the inland direction, it is on the whole but 
little disturbed. The beds lie nearly horizontal or dip gently north or 
northwestward at a low angle of 4 or 5 degrees, as shown in plate 43. 
The lower part of the series is supposed to be Oligocene on the ground 
of the presence of the lignite beds and vegetable remains it contains and 
its resemblance to known similar beds occurring elsewhere in Alaska, 
and also on the ground of its relation to the Pliocene silts which it im- 
mediately underlies. Lignitic shale examined by Doctor Dall is sup- 
posed to contain the form of Sequoia langsdorfi Heer. The upper part 
of the series is assigned. to the Pliocene on the basis of its fossil forms, 
which have been reported by Doctor Dall as follows : 


Chrysodomus, 2 species. Macoma incongrua von Martens. 


Amauropsis. Astarte semisulcata Leach (possibly 
Tachyrhynchus polaris Beck. Quaternary intrusion). 
Macoma frigida Hanley. Saxicava arctica L. 


PLEISTOCENE 
THE DEPOSITS 


Besides the present stream gravels, the most important Pleistocene 
deposits traversed by the section, but not represented on it by reason of 
the small scale, are the Goobic sands, glacial deposits, ground ice, and 
muck. 


GOOBIC SANDS 


This formation is a surficial deposit of brownish sand or loam about 
10 or 15 feet in thickness, which, like a continuous mantle, overlies the 
beds of the Colville series unconformably, as shown in plate 48 at the top 
of the bluff just above the light-colored triangular exposures of Pliocene. 
It seems to be distinct from the Colville series and to be persistent over 
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a wide area of country. It not only forms the surficial terrane of the 
coastal plain along the Colville, but seems to be persistent along the coast 
from the mouth of the Colville westward, while its inland margin seems 
to overlap onto the Upper Cretaceous of the Nanushuk series. In char- 
acter, the material composing the deposit is fine-grained and, on the 
whole, uniform or homogeneous. Its description as fine sand, with an 
admixture of considerable silts or earthy material, perhaps best conveys 
an idea of the texture of the deposit. In some localities it seems to be 
more distinctly sandy toward the base and earthy toward the top, where 
it sometimes grades into from one to several feet of dark-brown or black 
humus or muck, clothed at the surface with moss and a little grass. 
The deposit is ordinarily free from gravel, but in several instances peb- 
bles ranging from mere grains to as large as one-fourth of an inch in 
diameter were found. These consist essentially of dark flint and may 
be characterized as subangular. They are sometimes roughened or 
grooved, as if wind-worn. They occur very scatteringly indeed. It 
should be noted, however, that in some instances a very fine gravel or 
grit occasionally intervenes between the base of the deposit and the 
underlying Tertiary beds. 

The deposit, as a rule, is structureless or devoid of stratification. In 
only a few instances were indications of stratification observed, and this, 
though it was faint and indefinite, seemed to dip at a considerable angle 
and was accompanied by indistinct crossbedding. Weathered faces of 
the deposit frequently present the appearance of unpronounced stratifi- 
cation ; but on careful removal or cutting away of this weathered part, 
in search of more conclusive evidence, the material is found to be struc- 
tureless. Owing to its surficial and widespread occurrence, the homo- 
geneity of its materials and its structureless character, and the difficulty 
of explaining its origin, for want of a better term in field-work the de- 
posit was called loess. After further consideration, however, it is feared 
that the retention of the term would be undesirable, for which reasoa 
the deposit is here given the name of Goobic sands. 

To account for the origin of the Goobic sands, the following causes 
have suggested themselves, namely, glacial, fluviatile, delta, eolian, 
marine or beach, none of which alone seems to afford a satisfactory ex- 
planation. It is probable, however, that the fluviatile delta theory, in 
conjunction with shallow coastal conditions and intense Arctic freezing, 
may prove the most tenable. 


GLACIAL MATERIAL 


While there is no evidence of truly regional glaciation in northern 
Alaska, it is now known that ice action has been far more extensive than 
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has been generally supposed by geologists who have drawn their deduc- 
tions concerning this remote region from observations made on a trip 
down the Yukon or along the western coast. The Endicott mountains, 
as illustrated in the topography shown in plate 42, do not seem, so far 
as observed, to have been overridden by an ice-sheet, but in the valleys 
nearly everywhere there is such evidence of ice drainage as striae, ter- 
minal moraines, and deposits of till. The breeding ground for these 
glaciers was in the Endicott range, with the zone of maximum accumu- 
lation probably somewhat north of its median line. Here the mountains 
were doubtless largely overlain by an ice cap or névé, but the ice move- 
ment was confined essentially to the drainageways leading off to the 
north and to the south. But on the north slope of the range the ice 
seems to have moved off, at least locally, in a continuous sheet or small 
regional glacier, with its front reaching north beyond Willow creek, some 
35 or 40 miles beyond the base of the mountains. This is evidenced by 
the more or less continuous till sheet overspreading the entire region 
and by deposits of drift and erratics on the highest portion of the Cre- 
taceous plateau. In the valleys this sheet or ground moraine attains a 
thickness of about 159 feet. From the edge of the ice-sheet ice drainage 
in the form of valley glaciers continued about 40 miles farther north- 
ward, to near the mouth of the Anaktoovuk, but none crossed the Col- 
ville, whose drainageway does not seem to have been interrupted since 
the Tertiary. 

On the south of the Koyukuk basin similar, but not ‘so pronounced, 
evidence extends to beyond the Arctic circle, a distance of 50 or more 
miles southward from the base of the range. Here, however, the gla- 
cial phenomena, so far as observed, are more of the valley glacier type, 
but the deposits are undoubtedly till and contain striated pebbles of 
distinetly glacial type. Along the route of traverse, omitting the mound- 
like remnant, about 300 feet in diameter and 60 feet in height, near the 
middle of the range in John River valley, the glacial ice has disappeared 
from the country. 


GROUND ICE, MARSH, MUCK, MUD FLATS, ETCETERA 


The northern 30 miles of the section, between the point where the 
Tertiary bluffs of the Colville series leave the river, lie in marsh flats 
whose inland half is continuous with the ground abandoned by the Col- 
ville river in its lateral migration or drifting of 80 or more miles west- 
ward and its simultaneous down-cutting into the Tertiary terranes, 
while the coastal half lies in the Colville delta, both of which features, 
however, slope down to low marshes, and finally expansive tidal mud 
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flats and bars at the coast. Inland, these abandoned flats are probably 
underlain, in part at least, by the lower beds of the Colville series; but 
where their edges form the banks of the river at 10 to 20 miles from the 
coast they seem to be composed of dark muck and ground ice for a 
depth of 10 or 15 feet below the surface. 
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INTRODUCTION 


During the summer of 1901 the writer, assisted by Mr Corey C. Bray- 
ton, spent about two months in making a preliminary reconnaissance of 
the Ketchikan mining district, and later about one month in a more 
general reconnaissance of other parts of southeastern Alaska. The re- 
sults of this work are to be published by the U.S. Geological Survey in 
a report entitled “ Preliminary Report on the Ketchikan Mining District 
of Southeastern Alaska.” In view of the little that is known of this 
region, it has seemed worth while to abstract the more important con- 
clusions bearing on the general geology of the region. 

A few small areas in this region have been studied in some detail and 
many facts have been gathered, but almost no attempt has been made 
to correlate them. The work of the Canadian geologists, however, near 
the boundary and in British Columbia has added to the knowledge of 
the stratigraphic succession and of some of the larger structural fea- 
tures. Every worker in the field must acknowledge his indebtedness to 
Dr George M. Dawson,} who has contributed so much to our knowledge 
of the geology and resources of the northwestern part of our continent. 


*Published by permission of the Director of the United States Geological Survey. 
t Geo. M. Dawson: Report on an exploration in the Yukon district, N. W. T., and adjacent por- 
tions of British Columbia. Ann. Rept. Geol. and Nat. Hist. Survey, Canada, 1887, part B. 
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Portions of the region have also been the subject of investigations by 
Blake,* Hayes,} Dall,t Becker,§ Russell,|| Spurr,€/ Reid,** Cushing,}} 
and the writer.{{ There are a number of others who have contributed 
to our knowledge of the glaciers of the region. 


GEOGRAPHY 


The panhandle of the territory, extending southeastward from mount 
Saint Elias, is usually called southeastern Alaska. This coastal belt 
and its contiguous islands have an area of nearly 40,000 square miles. 
It is included between 54 degrees 30 minutes and 60 degrees 30 minutes 
parallels of latitude and the 130th and 141st meridians of longitude. 
That portion which is more especially the subject of this sketch lies to 
the southeast of Cross sound and Glacier bay, and includes an area of 
about 20,000 square miles. 

Alaska is divisible into four geographic provinces, corresponding to 
and, broadly speaking, coextensive with those of western Canada and 
the United States. The westernmost of these includes a mountainous 
belt, which, in conformity to Major Powell’s $§ nomenclature, may be 
called the Pacific Mountain system. East of this is the Plateau region, 
bounded to the east and north by the third province, which is formed 
by the northern and western extension of the Rocky Mountain system, 
and to the east and north of the Rocky mountains is the fourth prov- 
ince, comprising the Plains region. Southeastern Alaska lies entirely 


* William P. Blake: Topographical and geological features of the northwest coast of America, 
Am, Jour. Sei., 2d series, vol. xiv, 1868, pp. 242-247. 

Alaska Territory, Geology of. U.S. Coast Survey, Report for 1867, pp. 281-290, 

+C. Willard Hayes: An expedition through the Yukon district. Nat. Geog. Mag., vol. iv. pp. 
99-162, 

The writer is under obligations to Doctor Hayes for the use of unpublished notes. 

t William H. Dall: Coal aad lignites of Alaska. Seventeenth Ann. Rept. U. S. Geol. Survey, 
part 1, pp. 

2 George F. Becker : Gold fields of Southern Alaska. Eighteenth Ann. Rept. U.S. Geol. Survey, 
part iii, pp. 1-86. 

I. ©. Russell: Expedition to Mount Saint Elias. Nat. Geog. Mag., vol. iii, 1891-"92. 

Second expedition to Saint Elias, Thirteenth Ann. Rept. U.S. Geol, Survey, part iii, pp. 1-91. 

4 J. E. Spurr: Geology of the Yukon gold district. Eighteenth Ann. Rept. U. 8. Geol. Survey, 
part iii, pp. 87-392. 

**H. F. Reid: Studies of the Muir glacier. Nat. Geog. Mag., vol. iv, 1892-"93. 

++ H. P. Cushing: Notes on the geology in the vicinity of the Muir glacier. Nat. Geog. Mac., 
vol. iv, 1892-"93; Am. Geol., vol. viii, pp. 207-230, 

tt Reconnaissance in Tanana and White River Basins, Alaska, in 1898, Twentieth Ann. Rept. 
U. 8. Geol. Survey, part vii, pp. 425-494. 

Reconnaissance from Pyramid Harbor to Eagle City, Alaska. Twenty-first Ann. Rept. U.S. Geol. 
Survey, part ii, pp. 331-391. 

2% Major Powell included under “ Pacific Mountains” ranges lying west of the Basin ranges in 
the United States. The term “ Pacific Mountain system” is intended to inelude all of the moun- 
tains of North America which lie contiguous to the Pacific ocean. Comp. Monograph Nat. Geog* 
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within the first of these provinces. The Pacific Mountain system in- 
cludes four important ranges, whose axes are parallel to each other and 
to the coast line, with numerous inferior transverse lines of height. Of 
these the Coast range, the Saint Elias range, and. the Aleutian range lie 
adjacent to the coast, while the Alaskan range is inland and forms the 
northern boundary of the system. The two latter lie without the region 
under discussion, and will not be further considered. 

The so-called Coast range extends from near the boundary of Wash- 
ington northward through British Columbia into southeastern Alaska. 
In British Columbia it has a width of about 100 miles, which decreases 
to the northward. Its peaks vary in altitude from 7,000 to 8,000 feet. 
Following the coastline for nearly 900 miles, it passes behind the Saint 
Elias range near the head of Lynn canal, beyond which it can be traced 
northward, but with decreasing altitudes, and gradually loses its dis- 
tinctiveness, finally merging with the interior plateau. The Coast range 
has no distinct crest line, but is, as Doctors Dawson and Hayes have 
shown, an irregular aggregate of mountains, whose summits mark an 
elevated plateau and whose limits are often ill defined. Inland it 
locally merges with the interior plateau, and on the coast side it is not 
always well differentiated from the mountains of the Alexander archi- 
pelago. 

Westward from Cross sound the Saint Elias range forms the coastal 
feature of Alaska, and is extended to the southeast mountainous Alex- 
ander archipelago. Near mount Saint Elias the range has a width of 
about 100 miles, but it narrows down in both directions. Near Cross 
sound the Fairweather group of mountains in the Saint Elias range 
reach altitudes of over 15,0V0 feet. Toward the west it increases in 
height and complexity, culminating in mounts Saint Elias and Logan, 
18,060 and 19,500 feet in height. The mountains of the Alexander 
archipelago cannot be said to form any well defined range. On Baranof 
island are mountains reaching altitudes of 3,000 to 4,000 feet. On Prince 
of Wales island there are also many peaks which rise to these altitudes, 
but they are irregularly distributed. In general, the trend of these 
mountain groups is in a northwest-southeast direction, parallel to the 
coast line and to the Coast range. There is but little topographic data 
available in this region except the contour of the actual shoreline. 

The coastline of this part of Alaska is very irregular, the shore being 
marked by many deep embayments and islands. The shores are usually 
very abrupt, and the deep water lies close to the land. 

Southeast of Glacier bay over half of the land area is included in the 
islands of the Alexander archipelago. The longer axes of the larger 
islands have a rough parallelism to each and to the general trend of the 
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mainland coast. The otherwise smooth coastlines of the island are 
broken by numerous fiords similar to those which penetrate deeply into 
the adjacent Coast range. The islands are separated from each other 
and the mainland by deep and often very narrow waterways. Some of 
these, like Lynn canal, penetrate far inland. An examination of a map 
will show that these features have a more or less parallel arrangement, 
and attention will be drawn to the fact elsewhere that the direction of 
these channels is consequent on structural lines in the bed rock. 

In southeastern Alaska four rivers of considerable size—the Alsek, 
Chilkat, Taku, and Stikine—have their sources in the Interior Plateau 
region, and reach the sea after traversing the coastal ranges. The Chil- 
kat flows through the depression which separates the northern extension 
of the Coast range,and the Saint Elias mountains. There are many 
minor streams on the mainland of southeastern Alaska which have their 
sources within the Coast range. The drainage of the islands of the 
Alexander archipelago is usually carried to the sea by small streams. 
The lack of topographic maps makes it impossible to describe them in 
any detail. 

GEOLOGY 
STRATIGRAPHY 


While but few of the details of the geology of southeastern Alaska 
are known, and even the general succession of beds is very much in 
doubt, yet the distribution of certain lithologic types is fairly well estab- 
lished. ‘The general trend of the rocks is in a northwest and southeast 
direction parallel to the coastline. There are certain lithologic types 
oceurring as belts running parallel to this strike, which seem to persist 
with rather remarkable uniformity from Dixons entrance to Lynn canal 
and straits. 

The granite which forms the Coast range is the best defined of the 
lithologie belts, and has been traced, practically without interruption, 
from Portland canal to the head of Lynn canal. Kast of the granite 
belt are a series of quartz-schists and limestones, which seem to be fairly 
persistent from Bennett lake southward. These are in turn succeeded 
to the eastward and unconformably overlain by younger sediments. 
To the west of the granite is a belt of black phyllites and arenaceous 
schists, which are locally much metamorphosed and include many 
greenstone schists. These are fairly persistent throughout southeastern 
Alaska. ‘To the west of the phyllite belt bluish limestones have been 
observed at a number of localities. This belt has not been so well 
traced. Still farther west is a belt of white and blue crystalline lime- 


stone associated with phyllites. These rocks are very persistent, and 
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Ficure 1.—GeoloqicalS Map of Southeastern Alaska, 
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occupy large areas in Prince of Wales, Baranof, Chichagof, and Admi- 
ralty islands. 

These four formations, (1) the white limestone and phyllite, (2) the 
blue limestones, (3) the black phyllite and arenaceous schists, and (4) 
the Coast Range granite, form the country rock of the larger part of 
southeastern Alaska. There are also younger sediments, volcanic rocks, 
and various types of intrusives in this field. 

The oldest beds of the region in which fossils have been found are the 
limestone outcropping on the shores of Glacier bay.* Professor Cush- 
ing found a few fossils in this limestone, which were determined as 
Paleozoic by Professor H.S. Williams. Later, on the evidence presented 
by these fossils and on that of coral collected from the Dirt glacier by 
Professor J. J. Stevenson, these limestones were assigned to the Carbonif- 
erous.} It will be shown below that the latter fossil is from an entirely 
different horizon. Through the kindness of Professor Williams the 
Drake Island material was submitted to Mr Charles Schuchert, to whom 
the writer is indebted for the following report on three fossils: 


‘*T have examined the Drake Island material and find a large Leperditia of the 
L. baltica group. 

** Megalomus sp. undet.; sections of a very large species very similar to M. canu- 
densis. 

“ Hormotoma sections, like several found in the Guelph of Ontario. 

‘* The species on which one can depend for age determination is the Leperditia, 
These large species of Leperditia cease with the basal beds of the American Devo- 
nian (Lower Pentamerus = Coeymans), but their greatest abundance is in the 
Wenlock and Dudley horizons of Europe. The Glacier Bay species is unmistak- 
ably related to the L. baltica of the Upper Silurian. Further, it is not related to 
the large Lower Silurian forms of the Z. flabulites group, and this is again shown 
by the presence of very large bivalve shells, which I take to be of the genus 
Megalomus, a fossil so characteristic of the late Upper Silurian. Even if the large 
shells are not Megalomus these Leperditias alone prove that the limestone can not 
be younger than the late Upper Silurian. It is true that the genus Leperditia is 
stated to occur as late as Lower Carboniferous time (L. carbonaria Hall, L. nicklese 
Ulrich), but all the Devonian and Carboniferous species are minute forms, and if 
they do not belong to other genera, which seems probable, they certainly can not 
be included in the ZL. baltica group of Leperditia, 

‘*The coral identified as Lonsdaleia comes from another locality (Dirt glacier) 
more than fifteen miles away, and can not be included in the Drake Island fauna. 
To this locality one should for the present restrict the type section for the ‘ Glacier 
Bay limestone,’ for the reasons above given, and for the further one that the coral 
was not found in situ.”’ 


Reid and Cushing found argillites underlying the limestones conform- 
ably and both forming a closely folded series. This series has been 


* Nat. Geog. Mag., vol. iv, p. 59; 16th Ann, Rept., part i, p. 435. 
fSixteenth Ann. Rept., part i, p. 434. 
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identified by the writer at a number of localities to the south, and forms 
the westernmost of the lithologiec belts which have been referred to. 

teference has already been made to a coral which was found on the 
moraine of Dirt glacier by Professor Stevenson. The following is quoted 
from Professor Stevenson’s description : * 

“The Dirt glacier or first western tributary of the Muir must head up against an 
outcrop of this limestone, for one of the passengers on our vessel picked up a form 
like Acervularia, which, taken in connection with some Leperditia obtained by Mr 
Cushing in 1890 (Drake island), tends to show that the limestone (Glacier Bay 
limestone) is not younger than Middle Devonian.” 


Through the courtesy of Professor Williams, Mr Schuchert was enabled 
to examine, too, the coral secured by Professor Stevenson, and he reports 
as follows: 

“Later this coral was sent to Professor Williams, and Cushing reports that he 
identified it as a Lonsdaleia, ‘and regards it as demonstrative of the Carboniferous 
age of the horizon whence it came.’ 

**T agree with Stevenson that the coral in question is an Acervularia, since it has 
no columella, as is demanded for species of Lonsdaleia. It is a species near A. 
davidsoni, a coral so characteristic of the Middle Devonian of the Mississippi valley. 
It may prove to be a new species when sections are made. The genus Acervularia, 
however, is unknown above the Devonian. Another Acervularia is known from 
the Mackenzie River country (Cyathophyllum arcticum Meek), so that the genus 
may be expected to turn up elsewhere in the far north. 

“Since Acervularia of the type A. davidsoni is so characteristic of the Middle 
Devonian, it seems safe to assume that beds of this age occur in the Glacier Bay 
region, and that it is the same general horizon discovered the past summer by 
Mr Brooks at Long Island, Kasaan bay, Prince of Wales island.” 


According to Mr Schuchert, then, this coral is from a bed which is an 
entirely different horizon from the limestones at Drake island, which he 
determined as Silurian. This evidence points to the conclusion that 
there is a younger limestone in the Glacier Bay region which is of 
Devonian age. This limestone, however, has not been identified at any 
other locality in the northern part of the region under discussion. 

In the southern islands of the Alexander archipelago Devonian beds 
have been found at several localities. Mr Schuchert identified as Devo- 
nian + some fossils contained in a white crystalline limestone collected 
at Saginaw bay, Kuiu island, by Mr- Brightman. It is interesting to 
note that some fragments of sandstone from this same locality contain 
Upper Carboniferous fossils. This is the only locality in southeastern 
Alaska where this horizon has been identified. 


*The Scottish Geog. Mag., vol. ix, 1893, p. 70. 
Charles Sechuchert: Report on Paleozoic Fossils from Alaska.’’ Appendix ii, Coals and Lig- 
nites of Alaska, Seventeenth Ann. Rept., part i, p. 902. 
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In the Ketchikan district, Middle Devonian fossils were found at Long 
island, Kasaan bay, Prince of Wales island, and at Vallenas bay, Gravina 
island. The presence of Devonian fossils in these widely separated 
localities goes to show that this period is probably well represented in 
southeastern Alaska. At the Prince of Wales Island locality the Devo- 
nian beds are almost entirely unaltered, and this rather unsafe criterion 
has been used to differentiate them from the older white crystalline 
limestone series. When more detailed examinations have been made, 
it may be found that some of the crystalline limestones are of Devonian 
age. These rocks of Devonian and Carboniferous age form the second 
of the lithologic belts. 

The third belt in which the rocks have lithologic similarity lies west 
of and adjacent to the Coast range. It consists of argillites, with some 
limestones and a large amount of intrusive greenstone. It has been 
recognized by the writer in the southern province and again in the 
northern part of the province. Its age has not been determined, but it 
probably includes both Carboniferous and Triassic rocks. Near the 
contact with the granite, which latter is intrusive, it is often considerably 
altered. 

The granite belt which forms the Coast range has already been referred 
to. It is a batholitic intrusion of great extent which has been traced 
for 800 or 900 miles. This intrusion probably took place in Triassie 
times. While most of the granite is massive, it in places includes some 
schistose and gneissoid phases. There are also outlying masses of granite 
both east and west of the Coast range. 

The older sediments west of the Coast range have been differentiated 
into three groups, of which two are Paleozoic and one is probably in 
part Paleozoic and in part Mesozoic. The corresponding series east of 
the Coast range are all grouped together as Paleozoic. The writer has 
only studied them along one section, and found it impossible to differ- 
entiate them. 

In the southern part of the Alexander archipelago a heavy conglom- 
erate was found overlying Upper Paleozoic rocks unconformably. These 
are believed to be Mesozoic and probably Cretaceous, though no fossils 
were foundin them. East of the Coast range and in the Queen Charlotte 
islands to the south Dawson and others have found beds of similar char- 
acter, which are of Lower Cretaceous age. 

Large areas of extrusive rocks, probably of Mesozoic age (Cretaceous ?), 
were observed by the writer on Prince of Wales island. These are chiefly 
of andesitic character, and are closely associated with intrusive rocks, 


from which they can not always be easily differentiated. 
Tertiary sediments have been noted at a number of localities. They 
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consist of conglomerates, sandstones, and shales, usually slightly indu- 
rated and only gently folded. They have been studied in some detail 
by Dall,* who determined them as belonging to the Kenai division of the 
Oligocene. At Lituya bay the Kenai beds are overlain by Astoria beds 
(Miocene). 

At Sitka some highly feldspathic sandstones were observed, whose 
stratigraphic position was not determined. These were described by 
Becker} as pyroclastic diorites. In thin-section they show many min- 
erals derived from crystalline rocks. In the field they are sometimes 
massive, but more often plainly bedded. Their stratigraphic position 
has not been determined, but they may provisionally be assigned to the 
Tertiary. 

In the northern part of the Alexander archipelago there are some 
lavas, probably of Pleistocene age, but which may be in part Tertiary. 

Greenstones are the most widely distributed of the igneous rocks in 
the province. This term is made to include various igneous rocks of a 
rather basic character and of varied composition. The oldest intrusion 
seems to have taken place in early Paleozoic times, and was of a diabasic 
nature. These older greenstones are usually schistose. Diorites and 
quartz-diorites occur both massive and schistose. Among the less com- 
mon types are gabbros, pyroxenites, and amphibolites. The older green- 
stones are usually much altered and made up chiefly of secondary min- 
erals. In the Ketchikan district the diabases form the latest intrusives. 
Syenites have been found at a number of localities, notably at the 
Treadwell mine near Juneau. 


SUMMARY 


In the province under discussion Paleozoic terranes, ranging from 
Silurian or older to the Carboniferous, have an extensive development. 
Large masses of greenstones are intruded in the lowest members of the 
Paleozoic succession. In part of the region, at least, a stratigraphic 
break is known to occur somewhere in the Devonian. A series of 
argillites occur which seem to belong to the Upper Paleozoic horizons 
and Lower Mesozoic, but whose stratigraphic position was not deter- 
mined. Mesozoic time is represented in one part of the region by sedi- 
mentary strata, whose basal member is a conglomerate, overlying the 
Paleozoic rocks unconformably, and in another part by large extrusions 
of voleanic rocks. Very large injections of granite took place along the 
Coast Range axis, probably during middle or latter Mesozoic times, and 
in smaller masses elsewhere in the region. The Tertiary is represented 


* Coals and lignites of Alaska, 18th Ann, Rept. U.S. Geol, Survey. 
¢+George F. Becker: Gold fields of southern Alaska, 18th Ann. Rept., part iii, p. 43. 
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by lignite-bearing sediments of Oligocene age, which are only slightly 
disturbed or indurated. Some volcanic rocks have been extruded in 
post-Tertiary times. Besides these, dikes of various rock types are pres- 
ent in all the pre-Tertiary beds. 

The earliest epoch of intense disturbance was in pre-Devonian times, 
and was accompanied by large intrusions of basic igneous rocks. The 
next period of metamorphism was in middle Mesozoic times, when the 
intrusion of the granite of the Coast range took place. The alteration 
of the sediments adjacent to the mass of granular igneous rock is as- 
signed jointly to contact metamorphism and the mechanical effect of 
injections. The granite itself shows the effect of deformation by which 
it has been locally changed to gneiss and mica-schist. No evidence of 
any post-Tertiary disturbances has been found. 

The history of the deformation of the rocks of the region is a complex 
one, and has not yet been deciphered. In the western belt of Lower Paleo- 
zoic beds the strata are intensly metamorphosed and deformed. To the 
east in the Upper Paleozoic beds dynamic action has been less, while 
still farther to the east in the belt of argillites, the metamorphic action 
has again been intense. ‘To the east of the Coast range the Paleozoic 
rocks have all suffered about the same degree of alteration, with the ex- 
ception of those which lie immediately adjacent to the intrusive granites. 
It is evident that the observed metamorphism has been of two kinds, 
assignable to different causes—the regional metamorphism, which is due 
to deformation; and the contact metamorphism, which has been brought 
about by the intrusion of igneous rocks. 

The phenomena of contact metamorphism are commonly regarded as 
confined to chemical effects produced by the heat and accompanying 
gases of igneous intrusions, but many cases are on record where the me- 
chanical effect caused by the pressure of the invading rock has been of 
great importance. Such is the case in the vicinity of the granite masses 
of the Coast range, where the mechanical alteration of the rocks is quite 
comparable to the regional metamorphism noted in neighboring localities; 
and, since the intrusion occurred after the greatest regional disturbance, 
the effects of the latter have been to a certain extent obscured by the 
former. 

There are three zones in the province which are marked by more or 
less intense metamorphism. The one includes the rocks of the Lower 
Paleozoic beds, extending through the western group of the Alexander 
archipelago, while the other two lie on either side and adjacent to the 
granite of the Coast range. The two westernmost of these zones, in the 
southern part of the region at least, are separated by a belt of Upper 
Paleozoic beds, which are folded, but only slightly indurated, while the 
Coast Range granite separates the two eastern zones. 
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In the western belt the sediments are intensely folded and plicated, 
and are generally metamorphosed to such an extent that the limestones 
appear in the form of marble and the argillaceous strata as phyllites. 


_The broad structural lines are in general parallel to the northwest and 


southeast, but the axes of minor folds are extremely variable in direc- 
tion. 

The period of mountain-building during which these effects were pro- 
duced is the earliest of which we have any record in southeastern Alaska, 
and it was during this epoch that the injection of igneous rocks included 
under the designation “greenstone” commenced. Other intrusions of 
similar basic rocks are known to have occurred also at later dates, as 
shown by their relatively massive character when compared with certain 
highly sheared phases of the greenstones. 

In the southern part of the province the Paleozoic sedimentation was 
interrupted by mountain-building, and also a period of erosion ensued, 
probably in early Devonian times. The Devonian beds are much less 
altered than those of the Lower Paleozoic, and the folding which they 
exhibit is of a broad, open type. Tracing these Devonian beds east- 
ward, they are found to become metamorphosed as the zone of the Coast 
Range intrusives is approached. 

The two eastern zones of metamorphic strata which lie adjacent to the 
intrusive granite belt of the Coast range may be assigned, in part at 
least, to contact metamorphism. Most of the rocks on the west side of 
the range are argillites, which are much altered. To the east of the 
range there is a succession of sediments whose basal members are also 
considerably altered. This metamorphism is in part plainly due to 
igneous contact, but must in part be assigned to the mechanical stress 
brought about by the intrusion of the granite. The intrusion of the 
granite has been shown to be Mesozoic and probably post-Triassic. The 
evidences of contact metamorphism are the minerals, such as garnet and 
micas, which are developed in a limited contact zone. Mechanical 
metamorphism evinces itself in the development of shear zones and of 
foliation as the granite mass is approached. 

During the Mesozoic times and after the injection of the granite large 
extrusions of volcanic rocks took place. These, as well as the granite, 
were subsequently somewhat deformed. This deformation was more 
intense along the axis of the Coast range, where the granites were in part 
changed to gneisses and mica-schists. Subsequently another intrusion 
of igneous rocks took place, which, though widely distributed, was not 
great in bulk. ‘This epoch of injection is represented by the large num- 
ber of dikes, usually quite massive, which are found in different parts 
of the region. Deformational movements since Kenai times have been 
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only of minor importance, as is shown by the very gentle folding found 
in the Tertiary beds. So far as known, there is absolutely no evidence 
of a southern extension of the post-Tertiary disturbance which Russell * 
noted in Saint Elias regions. The most recent evidences of dynamic 
activity are the volcanic rocks of mount Edgecumbe and some basalt 
flows which have been found in various parts of the province. 

One of the effects of the crustal movements is to produce lines of weak- 
ness in the rocks which have been sought out by the erosive agencies. 
These structural lines, which are shear zones and lines of foliation, have 
affected not only the bedded but also the massive rocks, and consist of 
two systems, the one having nearly a north and south trend, the other 
running northwest and southeast. The position of the channels and 
inlets of this coastal belt is largely determined by these structural lines 
(compare map, page 257). 


CORRELATION 


The stratigraphy of the regions lying adjacent to the province under 
discussion is too imperfectly known to enable correlations to be made. 
It will be of interest, however, to draw attention to certain analogies of 
stratigraphic succession and lithologic character in adjacent regions. 
This is especially true of the field to the south, where the Canadians 
have done some more or less detailed mapping. 

In a previous report ¢ the writer grouped the Carboniferous and Devo- 
nian beds of the upper White and Tanana rivers together under the 
name Nutzotin series. This Nutzotin series would in a measure corre- 
spond to the subdivision called Upper Paleozoic on the accompanying 
map, but will probably also embrace a part, at least, of the argillites 
which lie adjacent to the Coast range. In the report cited the limestones 
of Glacier bay were all put in the Nutzotin series, as they were then be- 
lieved to be Carboniferous. In the same report the pre-Devonian sedi- 
ments are grouped together as the Kotlo series, which would include the 
rocks of the Lower Paleozoic, as defined in this report. As in south- 
eastern Alaska, the two series are separated by an unconformity, and 
there are, broadly speaking, certain lithologic similarities. 

In the Copper River district Schrader { and Spencer have described 
two formations which probably fall in the Upper Paleozoic. These are 
the Chitistone limestones, believed to be Carboniferous, and the under- 
lying Nicolai greenstone. ‘This limestone can be provisionally correlated 


* Nat. Geog. Mag., vol. iii, I891-"92, p. 167. 
fA reconnaissance from Pyramid Harbor to Eagle City. Twenty-first Ann. Rept. U. S. Geol, 


Survey, part 1, p. 350, 
{ Geology and mineral resources of the Copper River district. U.S. Geol. Survey, 1901, 
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und with the Upper Paleozoic beds of southeastern Alaska. The subdivision 
ence made by Schrader and Spencer of the beds below this limestone finds but 
e]] * little analogy in the older sediments of the region under discussion. : 
umic The comparison of the Mesozoic beds of the two regions does not sug- 
salt gest correlations. In the southern region the Mesozoic is represented, 
as far as known, more especially by conglomerates and coarse fragmental 
eak- beds, while in the Copper River basin the rocks of thisgige are chiefly 
cies, limestones and black slates. The Kennicott series, however, in the Cop- ‘ 
lave per river of Jura-Cretaceous age is made up of fragmental rocks similar 
t of in character to the Mesozoic of southeastern Alaska. The Tertiary sedi- 
her ments of southeastern Alaska are chiefly Kenai, and this horizon has J 
und been identified in many parts of Alaska. 
nes Dawson’s last investigation * on the geology of this northern region is 


a report on the Kamaloop district in southern British Columbia. 

This work was done in much more detail than any which preceded, 
and the stratigraphic succession was definitely determined.t| The Kam- 
aloop region is too distant from the province under discussion to make 
correlations possible. It is interesting to note that the Cambrian period 
of is represented by beds aggregating-a thickness of 40,000 feet. It seems 
probable that some of the Lower Paleozoic beds of southeastern Alaska 
may eventually be found to be of Cambrian age. The absence of Silu- 
rian and Devonian in the Kamaloop region is noteworthy in comparison 
with the southeastern Alaskan section. Dawson finds definite evidence 
of the existence of pre-Cambrian rocks in this southern district. 


— In Queen Charlotte islands { Dawson grouped the Triassic and Car- 

ing boniferous beds together, and states that these are unconformably over- 

hes laid by Cretaceous rocks. After the deposition of Triassic, folding took 

nes place, and it was probably during this period that the granites were in- 

be. truded. From the descriptions of Dawson these Triassic and Carbonif- . 

di- erous rocks show a striking analogy to the metamorphic argillites which ‘ 

ee lie adjacent to the Coast Range granites in southeastern Alaska. Dawson ae 

th- finds a large amount of volcanic material in the southern part of Van- . 

nd couver island, which he believes to be Carboniferous. These volcanic : 
effusives seem to have the same stratigraphic position as some found in 

od southeastern Alaska which have been provisionally assigned to the 

are Mesozoic. 

er- *George M. Dawson: Report on the Area of the Kamaloops, map sheet, British Columbia. Geol 

ed Survey of Canada, Ann. Rept., new series, vol. vii, 1894. 


*Dawson summarized the results of his twenty-five years of investigation of northwestern 
America in a presidential address to the Geological Society of America. ‘“ Geological record of 
the Rocky Mountain region in Canada.’ Bull. Geol. Soc. Am., vol. xii, 1900, pp. 57-92. 

tGeorge M. Dawson: Report on the Queen Charlotte islands. Geol. Survey of Canada, 1880, 
p. 45 B. 
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The Mesozoic beds in the province under discussion would seem to 
correspond to the Cretaceous of the Queen Charlotte islands, both in 
stratigraphical position and lithologic character. Dawson notes a period 
of folding which succeeded to the deposition of the Cretaceous. The 
Tertiary rocks described by him are chiefly volcanic, and are provis- 
ionally assigned to the Miocene. 

On the loweg Skeena river and in the vicinity of Port Simpson, Daw- 
son found a metamorphic series, made up of mica-schists and some 
limestones, closely associated with gneisses, These would seem to be 
the southern extension of the Ketchikan series, part of the belt of 
argillites which lie adjacent to the granite of the Coast range. 
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DEVONIAN SECTION OF THE MISSISSIPPI VALLEY 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 13, PP. 267-292, PL. 44 AUGUST 6, 1902 
DEVONIAN INTERVAL IN MISSOURI. 
BY CHARLES R. KEYES 
(Presented before the Society January 2, 1902) 
CONTENTS 
Page 
General geological cross-section of the region ........0 eee 269 
Formations represented by the Interval... 
Devono-Carboniferous of southwest 273 
Nature of Kinderhook formation and Chouteau fauna .............. soe See 
Meek and Worthen’s Kinderhook formation ............0 eee 277 
Faunal relations of the Interval deposits 279 
Dual nature of original Kinderhook faunas...............- wéeeeiaertens 282 
Affinities of the lower Kinderhook fauna............. 284 
Comparative values of correlative methods............. 291 


XL—Bunt. Gron. Soc. Am., Vou. 13, 1901 (267 


3 


= 
: ‘at 
‘ 
‘ 


268 c. R. KEYES—DEVONIAN INTERVAL IN MISSOURI 


INTRODUCTORY 


In central Missouri Carboniferous stratigraphy presents unusual rela- 
tionships. Nowhere else in the whole region does the same succession 
of Paleozoic terranes prevail. Beginning with the typical Chouteau 
limestone as the basal member, the Carboniferous sequence rests directly 
on Ordovician dolomites. In other parts of the state the hiatus is 
represented by extensive sections of Silurian and Devonian age. Of 
these the last mentioned is by far the most important. In the region 
contiguous the deposits laid down during the Devonian interval are in 
many respects of exceptional interest. 

It is here purposed to regard the beds formed during the Devonian 
interval as a formation having distinct individuality. While unequally 
developed, it is not so indefinitely defined as has appeared at first glance 
or as has been generally supposed. Theascribed vagueness has been found 
to be due in great measure to the fact of its being little understood. 

In the neighboring areas of uninterrupted sedimentation the sequence 
comprises all those strata lying between the limestones about which 
there has been but little doubt as to their Silurian age and the undoubted 
Carboniferous limestones. The beds of this as yet not fully differentiated 
terrane are commonly known as the ‘‘ Niagara” dolomites. Above the 
sequence is the great Mississippian series. 

The succession of beds thus stratigraphically delimited is believed to 
be wholly representative of Devonian deposition. In the following pages 
the reasons for this opinion are set forth. The conclusions arrived at, 
while not novel, have never before been published. Exact information, 
recently acquired, has so strongly confirmed the main suggestions that 
some of the data on which they are based appear worthy of special note 
at this time. 

The data relative to the northern part of the region were collected 
partly under the auspices of the Iowa Geological Survey. The informa- 
tion concerning the more southern district was secured mainly during 
the prosecution of the work of the Missouri Geological Survey. Visits 
were also made into the extreme southern portion of the region under 
consideration and eastward into Illinois. 

It has no doubt often appeared strange that in the central Mississippi 
valley, where the Silurian terranes are so well developed over such vast 
areas and where the basal limestones of the Carboniferous are so sharply 
cut off from the formations below, that our knowledge of the sediments 
occupying the space between the two great systems should so long re- 
main in such an unsatisfactory condition. However, as will appear, 
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there are very good reasons for the lack of exact information concerning 
the Devonian of the region. 


DEVONIAN PROBLEMS PRESENTED 


Irrespective of the actual geological age of the several parts of the 
interval deposits represented in the Mississippi valley, there arise a num- 
ber of questions which must find answer before the stratigraphy of the 
region can be considered as even approximately understood. The state- 
ment of some of these propositions may be given here. In the present 
connection many others which have been formulated are passed over. 

The main proposition is whether or not the deposits lying between the 
“Niagara ” and the Mississippian series are all to be regarded as belong- 
ing to the same geological system. 

A second important problem has to do with the harmonizing of the 
northern sections, where more than 500 feet of Devonian strata are repre- 
sented, with the central sections, where little or no sediments exist be- 
tween the Silurian and the Mississippian, and with the southern sections, 
where, as in Arkansas, for example, the Interval beds have a thickness 
of 100 feet or more. 

In the so-called transition beds lying immediately beneath the Bur- 
lington limestone another group of problems is presented. Of first im- 
portance is the query whether there are here any beds which can be ad- 
vantageously denominated Devono-Carboniferous. 

Not of least significance is the real taxonomic value of the original 
Kinderhook, the classificatory reference of its several members, and its 
stratigraphical equivalency in other localities. 

A fifth great problem deals with the unconformities as indicative of 
important changes influencing sedimentation. 


GENERAL GEOLOGICAL CROSS-SECTION OF THE REGION 
MAIN FEATURES 


The direction of the general cross-section is indicated on the small 
sketch map accompanying the drawing (plate 44). A supplementary 
section may be considered as extending around the eastern end of the 
Ozark uplift. 

The most notable feature is the great shale bed at the top of the se- 
quence. This thickens enormously in northern Missouri, where, in 
its middle, it completely envelops the great calcareous lense known as 
the Louisiana limestone. The most typical formations of the Upper 
Devonian, which are so thick in the north, successively thin out south- 
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ward, until in central Missouri even the main member, the great Cedar 
Valley limestone, fails altogether. 

The shales in Arkansas preserve only the characters of the upper shale 
member of the north. There is nothing in this part of the cross-section 
to represent the limestone members in the more northern sections. 

Around the eastern flank of the Ozarks the Devonian is greatly dimin- 
ished in thickness, yet it nevertheless retains its characteristic limestone 
as its major member and is abundantly fossiliferous. 


BASE OF THE CARBONIFEROUS 


The base of the Carboniferous is in this connection assumed to be the 
bottom of the Chouteau limestone wherever this is present, and when 
not present, the Burlington limestone or lower member of the Augusta 
terrane of the Mississippian series. The reasons for considering this 
horizon at the base of the Chouteau terrane as the plane separating the 
two great systems of strata are given elsewhere. Whatever may be the 
real age of the various Interval beds, the horizon here regarded as the base 
of the Carboniferous is remarkably persistent over a vast area, and, 
moreover, in sections is everywhere easily recognized. 

Without regard to any possible change in the future in its taxonomic 
position, the base of the Chouteau must always be considered as an im- 
portant stratigraphic guide-horizon. Throughout the western Interior 
basin, from the point where it rises out of the ground in northern Lowa 
and is cut by recent peneplanation of the region south through Missouri 
and into Arkansas, there is no difficulty is locating this stratigraphic 
level. Itisa feature in the stratigraphy that is conspicuous, ever present, 
never mistaken. Far to the southwest it appears to retain al! its dis- 
tinctive features unimpaired. 


SUPERIOR LIMIT OF THE SILURIAN 


Throughout the Mississippi valley little hesitancy has been evinced in 
delimiting the Silurian beds. Whether in the consideration of its litho- 
logic features or of its faunal characteristics, the separation from over- 
lying formations is everywhere on sharply drawn lines. This guide- 
horizon in the general correlation of the strata is easily recognizable even 
in deep-well sections. Whatever may be the geological age of beds above 
that may appear obscurely defined or devoid of readily determinable 
features, one may always feel assured that the deposits will never prove 
to belong to the Silurian. 

In the upper Mississippi basin, as far south as the Missouri river, these 
Silurian beds are almost invariably denominated “ Niagara dolomites.” 
While, of course, this formation can not be regarded as coextensive with 
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the similarly named formation of the Silurian of the New York section, 
and can not be considered as having any legitimate claim to the title 
which it usually bears, less confusion is likely to arise by continuing for 
the present the old name than by introducing a more appropriate but 
new term. 

The important point to be taken into consideration in the present 
connection is the fact that the “ Niagara” dolomite when met with is a 
terrane about which there is never any doubt, as to stratigraphical loca- 
tion. It is a datum plane from which all higher geological sections may 
be at once referred. 


LOWER PALEOZOIC FORMATIONS 


Of similar importance in the correlation of the Interval deposits are 
the Ordovician strata of the region. Such formations as the “ Hudson ” 
shales and the “ Trenton” limestone, for examples, are well developed 
over broad areas. These terranes everywhere afford good checks in 
paralleling vertical sections in localities more or less widely separated 
from one another. 

THICKNESS OF THE INTERVAL DEPOSITS 


The space between the basal plain of the Carboniferous and the top 
of the Silurian is not great when compared with the great thicknesses of 
strata in other regions. In northern Iowa, where the maximum meas- 
urement is greatest, the distance separating the two levels is about 450 
feet. To the southward this figure gradually grows less and less until 
in north Missouri it is not more than 150 feet, including the thickness 
of the Hannibal shales and the Louisiana limestone. Around the western 
flank of the Ozark dome this value is reduced to zero, but in northern 
Arkansas it again expands to nearly 100 feet. 

On the eastern side of the Ozark uplift the Interval deposits are at no 
point reduced below about 75 feet. 


FORMATIONS REPRESENTED BY THE INTERVAL 
IOWA TERRANES 


The formations referred to the Devonian have received of late years 
a number of new designations. The general section, however, may be 
given as follows: 


General Devonian Section of Iowa 
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From northeastern Iowa southward the main member of the Devo- 
nian—the Cedar Valley limestone—maintains its full development and 
characteristics to the southeastern part of the state. It is an easily ree- 
ognizable stratum in deep-well sections to beyond the state boundaries, 

The basal member, called the Independence shales by Calvin,* is 
comparatively limited in its geographic extent. 

The uppermost shale member appears to have a rather remarkable 
distribution and development. Should recent correlations be correct, 
one problem will have been solved that has completely baffled investi. 
gators from the earliest inquiries in this region, more than 50 years ago- 

The Sweetland beds of Muscatine county f appear to be the strati- 
graphical equivalents of the Lime Creek shales. They are also to all 
appearances the basal part of the so-called Kinderhook shales at Bur- 
lington, but their stratigraphic level is probably 100 feet beneath low 
water at that place, 60 feet only of the shale formation being above the 
river. 

The nominal history of these beds is full of interest. From the time 
when Hall { first brought these beds into notice the conclusions drawn 
by this author seem to have been misunderstood. ‘To this point atten- 
tion will be directed later. 


NORTH MISSOURI BEDS 


Between the Silurian limestones and the Burlington limestone there is, 
in northern Missouri, a succession of beds the geological age of which 
has long been a subject of controversy. The section § here referred to 
the Interval may be thus expressed : 


General North Missouri Succession 


Feet 


Of the terranes mentioned, the Callaway limestone is believed to be 
the southern extension of the great Cedar Valley limestone of Lowa. 
While rich in fossils, its fauna has never been described. Only a few 
species have been noted as coming from it, and these have never been 
figured. 

The Louisiana limestone has been clearly shown || to be a rather lim- 

* Bull. U.S. Geol. and Geog. Survey Terr., vol. iv, 1878, p. 725. ; - 
+ Lowa Geol, Survey, vol. ix, 1899, p. 289. 


t Geology of Lowa, vol. i, 1858, p. 88. 
Proc. lowa Acad. Sci., vol. v, 1898, p. 59. 
Journal of Geology, vol. viii, 1900, p. 317. 
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ve ited lense included in a huge shale formation. The upper part of this 
nd shale is called in Missouri the Hannibal terrane, and the lower part the 
oat Grassy Creek formation. At Burlington the two shale beds, which far- 
les. ther south are so distinct and separated by a great limestone, form a 

is single unbroken shale sequence. The faunas contained in the several 
component formations are fully discussed farther on. 

bie 

ct, HIATUS OF WEST-CENTRAL MISSOURI 

oe On the west flank of the Ozarks, Devonian deposition appears to be 

ti- entirely wanting. Near Sedalia the beds are very thin. Farther south, 
near Clinton, the sections show the Carboniferous limestones resting 

all 
directly on the Ordovician, as has been so well demonstrated by Mar- 

a but.* The explanation of this fact has not yet been determined satis- 

ty factorily. There have been difficulties in the way of direct observation 

_ in those districts in which inquiries have been carried on, and opportu- 

sil nity has not been given to conduct the search in neighboring localities. 

vn DEVONO-CARBONIFEROUS IN SOUTHWEST MISSOURI 

n- 

The manifest tendency of late years to throw together the Devonian 
and Carboniferous beds of southwest Missouri merely because there have 
existed slight differences of opinion among various observers as to the 

is, geological age of some of the unimportant layers does not appear to be 

ee conducive of the results hoped for. The attempts to make up for insuf- 

i. ficient observation by merging formations really distinct under a single 
name not only does not solve the various problems presented, but merely 
defers and makes harder the solutions. What is really needed is clear 
differentiation, clear delimitation, and clear definition of the several 
terranes. 

As given by Shepard,f the general section of the Interval representa- 
tives in southwestern Missouri is as follows : 

Southwest Missouri Section 


- The typical Chouteau limestone appears to be well represented above 
the so-called Hannibal shales, and has a thickness of often 30 feet. The 


* Missouri Geol, Survey, vol. xii, 1898, part ii, p. 121. 
+ Missouri Geol. Survey, vol. xii, 1898, p. 49. 
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shale bed which has been called the Hannibal may or may not be the 
stratigraphic extension of the typical Hannibal of the northeast part of 
the state, but it probably is. For the present it may be best to adopt 
Weller’s name, Northview shale, for this formation in southwest Mis- 
souri.* The so-called Louisiana limestone of southwest Missouri is cer- 
tainly not a part of the Louisiana limestone of the typical locality. The 
“ Louisiana ” limestone, the Phelps sandstone, the Sac limestone, and 
the King limestone, of Greene county, will doubtless be found to be 
parts of one terrane, as Weller} has suggested. While it is no doubt 
true that the faunal evidence of Shepard’s differentiation and classifica- 
tion of these beds is very slender, it is also true that for reasons elsewhere 
stated the criticism of this author’s correlations by means of the fossils 
rests on foundations almost as uncertain. 

The so called Eureka shale and all of the section given, up to the 
base of the Burlington limestone, Weller places in the Kinderhook. 


ARKANSAS SECTION 


According to Professor Williams’s recently published account of the 
succession of faunas in northern Arkansas,{ the following grouping of 
strata between the Ordovician and the Boone chert (Burlington lime- 
stone) is presented : 


Northern Arkansas Succession 


Feet 
Eureka shale (in part) and green shales.................... 50 
Saint Clair limestone ain 


The Saint Joe limestone is regarded by the author mentioned as equiv- 
alent to part of the Burlington limestone of the more northern sections. 
The evidence gathered from the Missouri investigations indicates rather 
that it represents the Chouteau. He considers the typical Eureka shale 
as forming the base of the Carboniferous. The Sylamore sandstone and 
the shales immediately associated underneath are placed in the Devonian. 


Nature OF KInDERHOOK ForMATION AND CHouTEAU FAUNA 
GENERAL STATEMENT 
On account of its lying on the border zone of the Devonian and the 


Carboniferous, the Kinderhook formation has a special interest in the 


* Trans. St. Louis Acad. Sci., vol. ix, 1900, p. 9. 
Journal Geology, vol. ix, 1901, p. 154. 
t Arkansas Geol. Survey, Ann. Rep., 1892, vol. v, 1900, p, 277 
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consideration of the internal deposits. There has, in the last half cen- 
tury, been so much controversy in regard to the age and distribution of 
the Kinderhook that we must now look into original meanings before 
attempting to arrive at our final conclusions. 

Three separate and distinct lines of consideration at the outset arise. 
They have to do, first, with the stratigraphy ; second, with the faunal 
features, and, third, with the geological age according to the most ap- 
proved methods of determination. Each of these phases has its own 
individuality and requires a perfect independence of treatment. Usually 
no distinction is made, and therein is the main source of much of the 
confusion that has arisen in regard to the nature and relations of the 
Kinderhook. 

OWEN’S SECTION 


As one, after being in the field, passes in review the published data 
relating to the beds which have given rise to the Kinderhook contro- 
versy, he can not help looking on many of the points of dispute in a very 
different light from that in which they were originally presented. 
Standing now, after an elapse of 60 years, one can not but marvel at the 
wonderful discernment displayed in the first efforts to differentiate the 
Carboniferous formations of the Mississippi valley. Time has not 
dithmed the work of that pioneer in American geology, David Dale 
Owen, in his discriminations of the Carboniferous limestones of the con- 
tinental interior.* 

Owen’s arrangement of the geological formations of the region rests 
primarily on lithologic grounds; but fossils received full consideration. 
So far as it goes, this writer’s scheme is essentially the plan now ac- 
cepted. New titles have displaced the old, but the division lines remain 
almost unaltered. 

To the shales underlying the Encrinital (Burlington) limestone at the 
city of Burlington and the city of Hannibal, Owen gave the name 
“Argillo-caleareous group.” Although the nether limit was not specific- 
ally located, the group is practically coextensive with what was later 
termed the Hannibal shales. 


HALL’S DETERMINATIONS 


Fresh from the rich paleontologic fields of New York, where a stand- 
ard Paleozoic section for America had then been but recently established, 
James Hall was easily led to discover in the rocks of the Mississippi 
valley the faunal horizons which he knew so well in his own state. In 


*Geol. Survey Wisconsin, lowa, and Minnesota, 1852, p. 9. 


Grow. Soc. Am., Vow. 13, 1901 


the 
of 
ne- 
iv- 
ns. 
ler 
ile 
nd 
un. 
he 
he 


276 c. R. KEYES—DEVONIAN INTERVAL IN MISSOURI 


the Argillo-caleareous group of Burlington and Hannibal he fancied 
that he recognized the Chemung of the east.* He had already traced 
the Devonian formations westward from New York to the Mississippi 
river. 

The determination of the Devonian age of the shales at the base of the 
section at Burlington and at Hannibal did not rest on observations at 
these points alone. ‘There was a correlation of these beds with litho- 
logically similar beds farther to the northward, at Muscatine and in 
northern Lowa, where there was obvious association with undoubted 
Devonian limestones. Singularly enough, after 40 years of discussion, 
Hall’s correlation and assignment of Devonian age to the strata are 
again beginning to be demonstrated to be correct. At no time in all 
this prolix controversy did Hall himself abandon his early views regard- 
ing the Devonian age of these shales which have until lately been gen- 
erally called the median member of the Kinderhook. 


SWALLOWS VIEWS 


With the aid of Meek and Shumard, the first state geologist of Mis- 
souri recognized in his state, immediately beneath the great Encrinital 
limestone, a three-fold terrane which he referred to the Chemung divi- 
sion of the Devonian.t 7 

Swallow introduced a new member into the succession as reported 
from the Mississippi river, calling it the Chouteau limestone. In cen- 
tral Missouri this limestone attains a maximum thickness of more than 
100 feet. No one would suspect from examinations along the Missis- 
sippi river that such an important formation existed at the base of the 
Burlington limestone; hence it is not very strange that the geologists 
who had only seen the river sections gave the dozen feet of earthy 
limestone at the bottom of the Burlington so little consideration. 

Meek found the Chouteau limestone in the original locality to contain 
many Carboniferous types of fossils. Their great resemblance to those 
in the limestones above had from the first a tendency to shake his faith 
in the Devonian age of the so-called Chemung beds.t In his later re- 
port,$ on Saline county, the next year (though not published until seven 
years later) he is fully convinced that the Chouteau limestone should be 
associated with the Carboniferous rather than with the Devonian. It 


*Geology of Iowa, vol. i, 1858, p. 88. 
Trans. Assoc. American Geol. and Nat., 1843, p. 267. 


¢ Missouri Geol. Survey, Ist and 2d Ann. Repts., 1855, pt. i, p. 103. 
} Missouri Geol. Survey, Ist and 2d Ann. Repts., 1855, pt. ii, p. 103. 
2 Thid., 1855-71, 1873, p. 160. 


| 
‘ 


KINDERHOOK FORMATION’ 277 


is a noteworthy fact in this connection that in central Missouri the lower 
two members of Swallow’s Chemung appear to be wanting. 


MEEK AND WORTHEN’S KINDERHOOK FORMATION 


The proposal of the term Kinderhook as a geological title was unfor- 
tunately made amidst personal animosities. When, in 1860, Worthen 
and Meek began their labors on the geological survey of Illinois, both 
had become very bitter against Hall, and could not restrain themselves 
from making attempts to overthrow some of the latter’s work. Worthen 
had fancied an unpardonable grievance because, while connected with 
the lowa geological survey under Hall, the latter had verified some of 
the former’s observations on his own account, and instead of adopting the 
names of formations which had previously been suggested in manuscript 
had used titles of hisown. Meek had just retired from Hall’s laboratory 
in Albany as a result of a quarrel, in which he was greatly at fault, 
about the proper draughting of some fossils for the latter’s New York 
report. Intense rivalry had also now arisen between Hall and Meek 
and Worthen as to who should first describe all the new fossils which 
were about this time being discovered in the rich fields along the Mis- 
sissippi river in [linois and the adjoining states. 

Thus, in considering the beginnings of the Kinderhook controversy, 
there is a large element of biased judgment that has to be eliminated. 
Many misstatements of fact, misquotations of contemporaneous opinion , 
and misinterpretation of published work appeared in the first paper by 
Meek and Worthen on the Kinderhook.* No doubt the intentions of 
the Illinois authors were to present the facts exactly as they existed; but, 
with glasses somewhat colored, enthusiasm born of new discovery, and 
jealous rivalry, they evidenced a haste that was not customary with these 
usually very careful workers. 

But, aside from the shortcomings mentioned, there appears to be a far 
more important factor overlooked in the proposal of the group Kinder- 
hook and in assigning it all to the Carboniferous. Meek and Worthen’s 
conclusions were far too sweeping. The triple-emembered Chemung of 
Swallow had not all been examined by the authors named. ‘To them 
practically only the upper member had yielded fossils. The Vermicular 
(Hannibal) shales and Lithographic (Louisiana) limestone were ad- 
mittedly barren of organic remains, except perhaps half a dozen species 
and almost as few individuals, which had been accidentally secured from 
the layers at the very base of the last mentioned formation. 

Meek had already studied in Missouri only the fossils from the typical 
Chouteau limestone, and had come to regard them as Carboniferous 


*Am., Jour. Sci. (2), vol. xxxii, 1861, p. 167. 
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forms. Meek and Worthen’s Illinois collections are now known to have 
all been made from layers within a few feet of the bottom of the Bur- 
lington limestone. 

The fauna of Meek and Worthen’s Kinderhook group is therefore not 
the fauna of the whole of the three-fold terrane which has long been 
known to geologists as the Kinderhook, but it is the fauna of only the 
upper limestone member, the Chouteau limestone. By them the fossils 
of the lower two members of their Kinderhook were not taken into con- 
sideration to the least extent. ‘To them the lower faunas were practically 
unknown. In favt, they delimited a furmation stratigraphically. For 
the whole they defined faunally only a very small part of this formation. 
They assigned a definite geological age to the whole when they were 
actually justified in ascribing an age to a single member. The Kinder- 
hook fauna, as we have long known it, is in reality only the fauna of the 
Chouteau limestone. Weknow now that other and very different faunas 
occur in the shales and limestones immediately underneath the Chouteau 
limestone. 

CHOUTEAU STAGE 


The biological geologists are inclined to apply the term Chouteau to 
the earliest of the three faunal categories into which they subdivide the 
Ko-Carboniferous of the Mississippi valley. The title thus refers to the 
Kinderhook terrane of Meek and Worthen. Before the application of 
the term in this sense the name had already been formally given to the 
upper member of the Kinderhook.* Broadhead’s subsequent extension 
of the title making it synonymous with Kinderhook does not establish 
its validity. 

Chouteau, if it is to be retained as a faunal term in geology, can only 
be made to apply to the stage represented by the original Chouteau lime- 
stone. In this sense it satisfies all the requirements of dual classifica- 
tion in geology. Moreover, it may refer to a fauna that is a compact 
unit. It eliminates, as will hereafter be shown, the elements which are 
not Carboniferous in character. 

Referring to terranes, the name would apply to the lowermost member 
of the Mississippian series. 

The fauna which is generally thought to be the fauna from the orig- 
inal Chouteau limestone is at best a fanciful medley of shadowy defini- 
tion. Practically no detailed work has yet been done that is published. 
Careful determination of the exact horizons of the various forms has 
not even been attempted. Of the species described from the original 


* Missouri Geol. Survey, Ist and 2d Ann. Repts., 1855, p. 103. 
Ibid., Rept. 1873-74, 1874, p. 20. 
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Chouteau in central Missouri, many are now known to be from forma- 
tions other than the terrane under consideration. It is small wonder, 
therefore, that the Chouteau or Kinderhook fauna as we have long known 
it is apparently ill defined, anomalous, and puzzling. In the critical 
study of the lowest Carboniferous faunas of the Mississippi valley there 
is need, before all else, of exact determinations of the various organic 
forms from the original Chouteau limestone of central Missouri. It is 
only with this type fauna that the faunas of the Kinderhook of other 
localities and other horizons can be with profit compared. Until the 
fossils from the original Chouteau limestone are carefully collected and 
studied anew in their entirety, the “ Chouteau fauna ” must be regarded 
as a quantity unknown. 


FaunaL RELATIONS OF THE INTERVAL Deposits 
DEVONIAN FAUNAS OF THE NORTH 


With a single exception, so far as known, the Devonian age of the 
formations already enumerated in the Iowa section and ending above 
with the Lime Creek shales has never been questioned. In considering 
a remarkable fauna at the base of the Chemung, at High Point, New 
York, Williams * was led to make some comparisons similar to those 
made sometime earlier by J. M. Clarke} of this fauna with the Lime 
Creek fauna, in which the latter was considered as having features which 
were strikingly Carboniferous in aspect. However, after Calvin’s demon- 
stration ¢ that the Lime Creek fauna was typically Devonian for the re- 
gion, the first-named author was induced to change the views § which 
he had previously expressed. ‘There is practically no question now but 
that the Lime Creek beds belong to the Upper Devonian. 

Where the Lime Creek beds are typically developed in Floyd and 
Cerro Gordo counties, in northern Iowa, Calvin || has shown recently 
that they are overlain by shaly magnesian limestone carrying Kinder- 
hook fossils—that is, Chouteau forms. This limestone is very similar to 
the * Kinderhook ” limestone at Le Grand, Lowa, which is believed to be 
stratigraphically continuous with the Chouteau limestone of central 
Missouri. 

CHEMUNG FORMATION IN EASTERN IOWA 


The beds in eastern lowa which were early referred by Hall § to the 


*Am. Jour. Sei. (3), vol. xxv, 1883, p. 97. 

+ U.S. Geol. Survey, Bull. 16, 1885, 

Ibid., p. 432. 

2 American Geologist, vol. iii, 1889, p. 230. 
lowa Geol. Survey, vol, vii, 18v7, p. 144. 

© Geology of Lowa, vol. i, 1858, p. 88. 
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same geological age as the Chemung, of the New York section, consist 
chiefly of greenish and bluish shales and yellowish sandstones. They 
are now called the Lime Creek shales in northern Iowa, the Sweetland 
shales in Muscatine county, in eastern Iowa, and the Kinderhook shales 
or Hannibal shales at Burlington and in northeastern Missouri. All 
available information now indicates, without much room for doubt, that 
the beds of the several localities are stratigraphically one and the same 
formation, but that at Burlington it is only the upper part of « great 
shale terrane that is exposed to view, while on Lime and Sweetland creeks 
it is the lower part that has been open to inspection. 

Assuming that this be true, some of the causes for the protracted con- 
troversy which has arisen regarding the age of the beds in question may 
be inquired into. First to present itself is the fact that the Chemung, or 
Kinderhook of Meek and Worthen, or Chouteau group of Broadhead (not 
of Swallow), has been invariably considered as a homogeneous geological 
unit. When the term Kinderhook was first proposed and stated to be 
Carboniferous in age it was, as just stated, made to cover everything in 
the region which had been previously called Chemung. No attempt was 
made to inquire into the matter of whether or not some part of the newly 
named formation might not actually possess a different geological age. 
It is known now that in the case of the original locality the lower four- 
fifths of the Kinderhook was not critically considered, but dumped bod- 
ily into the supposed new receptacle. The Spirifer capax beds of Mus- 
catine, which were called Chemung by Hall, were likewise, without 
examination, placed by Miller * in the Carboniferous. When Calvin f 
“ume to inquire into the Museatine problems he found a strange state of 
confusion. 

When I first personally visited the Muscatine localities, it was as a 
college student, before I even knew that there was such a thing as a 
Kinderhook controversy. I was quite familiar with the Devonian fossils 
of districts farther north, but 1 was perfectly unbiased in approaching 
the problems relating to the geological age of the various horizons in 
the locality under consideration. The Spirifer capax beds were deter- 
mined not to be Carboniferous yellow sandstones at all, but yellow, 
finely crystalline dolomites carrying the same fossils as some of the 
Cedar Valley limestones near by and farther to the northward. 

Hall certainly did make the mistake of placing the Spirifer capax 
beds above the green “ Chemung” (Sweetland) shales, for it is now 
demonstrated that their position is below the latter; but it is readily 


*American Paleo, Foss , 1887, p. 129. 


+ American Geologist, vol. iii, 1889, p. 25 
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zons in the section could be made. At the time of Hall’s rapid recon- 
naissance, railroad and highway cuttings were unknown, and the oppor- 
tunities for making exact observations were not so good as they became 
ageneration later. The green Sweetland shales are even now exposed 
only at a few points, for they lie in this locality at a level where they 
were subjected to profound subaerial erosion, which took place just 
prior to the deposition of the Coal Measures. The Sweetland shales are 
perhaps 49 feet thick at the point of their greatest development in this 
locality. They are absent in many sections where carboniferous erosion 
entirely removed them, and even penetrated the Cedar Valley limestone. 
The horizon of the Spirifer capax beds is only a few feet beneath the 
bottom of the Sweetland formation. Above the latter is a yellow sand- 
stone in the basal part of the Coal Measures. In color, in texture, in 
general appearance, and in manner of weathering, this sandstone is 
almost identical with the dolomite carrying Spirifer capax. Strange as the 
statement may appear, it is only after the closest inspection that the 
two rocks can be distinguished from each other. On the opposite side 
of the Mississippi river, at the mouth of Stonecoal creek, the two forma. 
tions lie in conjunction. 

Unless one is able to examine the several lines of juncture between 
the different beds in the section, he would hesitate but little in inferring 
that the casts of Spirifer capax were really from some part of the sand- 
stone above the shales. Hall’s mistake was a very natural one. His 
hasty parallelism of the Muscatine section with that of Burlington has 
also many points to sustain it, and after all he does not seem to be so 
far in the wrong as subsequent writers would have us believe. The 
most recent information goes to show that in his general assertions he 
came surprisingly close to the truth. If later investigations have not 
been erroneous, his correlation of the Sweetland beds, as we now call 
them, with the green shales at Burlington is essentially correct. There 
is this difference: The horizon of the Sweetland shales probably comes 
somewhat lower down than the level of the river at Burlington—some- 
where in the 150 feet that the shales at the latter place are known to 
extend below the base of the exposed section. 

Regarding the Devonian age of the Spirifer capax beds of Muscatine 
Calvin * has given a full account. Still later, Udden ¢ published many 
additional details in connection with his report on the geological survey 
of Muscatine county. Worthen and Shaw f were the first, though only 
incidentally, to call attention to the fact that the Spirifer capax beds 
were dolomitic. 


*American Geologist, vol. iii, 1889, p. 25. 
¢ lowa Geol. Survey, vol. ix, 1899, p. 289. 
t Illinois Geol. Survey, vol. v, 1873, p. 223. 
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The relations of the Burlington section and the section of the typical 
Kinderhook (Chemung of the early Missouri geologist) have recently 
been clearly set forth.* It has been shown that the basal shales of the 
Burlington section represent much more than the Hannibal shales or 
median member of the original Kinderhook section. The 150 feet of 
shales beneath the waterlevel very nearly correspond to the Grassy Creek 
shales of Missouri, a formation nearly 200 feet in thickness, lying imme- 
diately below the Louisiana limestone and base of the Kinderhook. 
Northward, as has been stated, the Louisiana limestone, which is 50 feet 
thick at the type locality, becomes thinner and thinner and finally fails 
altogether soon after passing the southern Iowa boundary. This brings 
together at Burlington the Grassy Creek shales t and the Hannibal 
shales, thus forming a single great stratigraphic and lithologic sequence. 

The Grassy Creek shales, so far as their faunas are concerned, are 
undoubtedly Devonian in age. The rich faunas recently found in the 
so-called Kinderhook shales that are above the waterlevel at Burlington 
present strong Devonian affinities. { This would indicate rather clearly 
that faunally the shale section at Burlington is a unit also. Lately 
Weller, § who is giving special attention to the Kinderhook faunas, has 
attempted, entirely on faunal grounds, to locate at Burlington the 
horizon of the base of the Louisiana limestone at the bottom of the fine 
argillaceous limestone above the Chonopectus sandstone, a level which 
is only 30 feet below the bottom of the Burlington limestone and at the 
top of the green shales of this section. 


DUAL NATURE OF ORIGINAL KINDERHOOK FAUNA 


Ten years ago the writer visited along the Mississippi river all the 
type localities of the formations belonging to the Lower Carboniferous, 
or Mississippian series. It was for the express purpose of obtaining at 
first hand definite data relating to exactly what was referred to in the 
literature of the subject. Without attempt to revise the classification 
of the series from the foundation up,a summary of that investigation 
was published || under the title of the “ Principal Mississippian Section.” 

Among many other things, it was found at that time that the actual 
faunal characteristics of the original Kinderhook formation were very 
different from the ideas which had been gathered from a perusal of the 
literature. The ascribed fauna of the lowermost member of the four-fold 
Mississippian series was in fact a fancied fauna instead of a real one 


* Journal of Geology, vol. viii, 1900, p. 315. 

Proce. lowa Acad. Sei., vol v, 1898, p. 68. 

t Proe. lowa Acad. Sei., vol. iv, 1897, p. 39. 

2 Trans, St. Louis Acad. Sci, vol. x, 1900, p, 123. 
| Bull, Geol. Soe. Am., vol. iii, 1892, p. 283. 
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extending through the whole section of the Louisiana, Hannibal, and 
Chouteau divisions. Moreover, the ascribed fauna was also found to be 
a limited fauna of only the upper part of the Kinderhook. With a few 
exceptions, the forms described as coming from the Kinderhook had 
been collected from only the uppermost layers of that formation—the 
Chouteau limestone and its stratigraphical equivalents. Practically no 
extended examinations of the fossils from the Hannibal shales and the 
Louisiana limestone had ever been undertaken by the earlier geologists. 
Generally, these two formations had been reported as barren of organic 
remains. A few species had, however, been noted from the very base of 
the Louisiana limestone, but no indication of the real horizon had been 
given in the descriptions. 

The surprise in store was that both at Burlington and at the original 
locality (the cities of Louisiana and Hannibal are only a few miles from 
the village of Kinderhook, but on the opposite side of the Mississippi 
river) the Kinderhook shales from which no fossils had been reported 
were well supplied with organic remains, yet forms on the whole very 
different from those occurring higher up. It was soon seen that the 
fauna at the top of the Kinderhook formation was entirely distinct from 
that at the bottom of the section. This fact was made known in a paper * 
on the “ Dual character of the Kinderhook fauna.” 

The problem of the exact relation of these two faunas demanded im- 
mediate attention. It was highly important to discover whether the 
two faunas gradually merged into each other, or whether the upper one 
abruptly replaced the lower one at a given horizon. The last-mentioned 
hypothesis was found to be the fact. In order to carefully determine 
this point, it was proposed to fix the vertical range of the various species 
composing the faunas, and thus to see not only exactly at what levels 
the forms disappeared, began, or replaced others. The splendid Louis- 
iana section of rocks, of more than 300 feet in vertical measurement, 
was divided into twenty well marked lithologic platforms. Mr R. R. 
Rowley, who had long lived in the neighborhood and who had made 
extensive collections of the fossils, volunteered his services in the work. 
The results of the investigation are recorded in a joint paper t on the 
“Vertical range of fossils at Louisiana.” Tables give the distribution of 
each species through the various layers. Out of 500 different forms, not 
a single one of those occurring in the lower part of the section was found 
to extend above the base line of the Chouteau limestone. Not a single 
species found in the upper portion of the section descended below the 
same level of the Chouteau. The fauna of the upper “ Kinderhook ’ 


*American Geologist, vol. xx, 1897, p. 167. 
+Proc. lowa Acad. Sci., vol. iv, 1897, p. 26. 
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(Chouteau limestone) was in no way connected with that of the lower 
Kinderhook, but was inseparably connected with the higher or Burling- 
ton faunas. This last-mentioned fauna was, then, the fauna which 
Meek and Worthen * had partially studied, and, without any attempt to 
investigate thoroughly, had assumed as extending unbroken through 
the entire section of their Kinderhook formation. 

Other phases of the problem brought out by the results of the exam- 
ination of the Louisiana section were presented in some notes} on the 
* Relations of the Devonian and Carboniferous in the Upper Mississippi 
valley.” The conclusions reached may be briefly stated as follows: 

(1) The most marked changes in the succession of faunas in the 
entire sequence of rocks commonly known as the Lower Carboniferous 
or “Subcarboniferous,” as represented along the Mississippi river, is at 
the base of the Chouteau limestone (limited). At this horizon there is 
so great a faunal break that scarcely a species is common to the beds 
on either side. 

(2) That instead of the so-called Kinderhook containing in its fauna 
a mingling of Devonian and Carboniferous types, there are really two 
great faunas that are perfectly distinct and well defined, and do not 
merge into each other. In general aspects, the one is characteristically 
Devonian; the other strikingly Carboniferous. 

(3) The basal line of the Lower Carboniferous, or Mississippian, series 
is the base of the Chouteau limestone, and the lowest member of the 
four-fold series contains only one formation, instead of three, heretofore 
commonly ascribed to it. 

(4) The early reference of a part of the so-called Kinderhook, or 
“ Chemung,” to the Devonian was correct in fact, though made entirely 
through erroneous correlations and a misconception of the real facts. 

(5) That the evidence afforded by the faunas of the region is in 
close accord with the facts obtained regarding discordant sedimenta- 
tion and the stratigraphical and lithological characters of the formations 
themselves. 


AFFINITIES OF THE LOWER KINDERHOOK FAUNA 


So far as go the somewhat limited observations on the fossils of the 
Grassy Creek shales, their fauna appears to be identical with that of the 
lower Kinderhook at Louisiana. The prolifically fossiliferous layers of 
the Louisiana limestone are the shales separating the limestone layers 
at the very base of the formation. These shale partings, if they may be 
so called, are the same in all observable respects as the Grassy Creek 


*Am. Jour. Sci. (2), vol. xx xii, 1861, p. 167. 
+ Trans. St. Louis Aead, Sei., vol. vii, 1897, p. 357. 
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ver shales beneath. When the latter come to be more thoroughly investi- 
ng- gated it probably will be found that they carry a much larger variety 
ich of forms than is now known. All the most abundantly occurring forms 
to of the lower Kinderhook and about half the total number of species are 
gh also found in the Grassy Creek terrane of the same locality. 
Fifty miles southwest of Louisiana, on Snyder creek, near Fulton, in 
m- Callaway county, Missouri, there are, above the Callaway (Middle De- 
he vonian) limestone, 50 feet of green and blue shales. These are highly 
pi fossiliferous, and contain besides more than 100 other species, such forms 
as the following : 
he Acervularia profunda Hall. Leiorhynchus sp? 
us Aulopora sp? Megalanteris sp? 
at Leioclema occidens Hall. Orthothetes panaora Billings. 
is Melocrinus lyelli Rowley. Pentamerella saliensis Swallow. 
ls Melocrinus gregeri Rowley. Productella callawayensis Swallow. 
Aristocrinus concavus Rowley. Productella marquessi Rowley. 
Athyris minima Swallow. Pugnax altus Calvin. 
~ Atrypa gregeri Rowley. Schizophoria macfarlani Meek. 
vo Atrypa hystrix Hall. Spirifer asper Hall. 
ot Atrypa reticularis Linneeus. Spirifer anne Swallow. 
ly Crania crenistriata Hall. Spirifer euryieines Owen. 
Crania famelica Hall and Whitfield. Stropheodonta altidorsata Swallow. 
es Cyrtina umbonata Hall. Naticopsis gigantea Hall. 
a Dielasma calvini Hall and Whitfield. Orthoceras sp? 
Hypothyris sp? 
re 
These shales lie immediately beneath the Chouteau limestone, which 
od is only a few feet thick at this point and is followed by the Burlington 
y limestone with all its characteristic fossils. The Snyder shales appear 
to be stratigraphically continuous with the Grassy Creek shales In part, 
" they may also represent the Hannibal shales. 
ie The peculiar fauna having a strong Devonian facies, which has lately 
. been discovered * in the Kinderhook shales, near the base of the exposed 
section at Burlington, Iowa, has already been noted. 
The fauna of the highly fossiliferous layers at the base of the Louis- 
iana limestone at the type locality recalls at once the familiar assemblage 
v of depauperate forms that occurs near the top of the Cedar Valley lime- 
e stone at so many places in Muscatine county, Iowa. Should, on crit- 
f ical comparison, the faunas of these two localities prove to be biologically 
3 the same, we would have additional evidence of the wonderful astuteness 
e with which Hall surmised the faunal equivalency of the beds so widely 
separated geographically. 
* Proc. Lowa Acad, Sci., vol. iv, 1897, p. 38. 
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There are also many elements in the lower Kinderhook fauna of teh 
type locality and in that of the Grassy Creek shales underneath, that 
induce one to make careful comparison between them and the fauna of 
the Lime Creek beds of Iowa. 


ROLE OF CERTAIN FAUNAL ELEMENTS 


The biolegical relationships of certain forms of fossils which appear to 
have an extended vertical range are of exceptional significance. An ex- 
ample is found in Spirifer marionensis of Shumard. This brachiopod is 
the most abundant and characteristic fossil found at the base of the Louis- 
iana limestone. It ranges upward in constantly diminishing numbers 
to the top of the Hannibal shales. It has been often reported from 
higher horizons in southwest Missouri, especially, and at Burlington. 
The form going under this name as occuring in the Chouteau and its 
equivalents, does not appear to be Spirifer marionensis at all, but a species 
which at first glance has the same general appearance as that form. 
Although the distinction between the two shells has long been recognized, 
all have been called, in the Missouri reports, by Shumard’s name, because, 
in the allusions made, the S. marionensis was a familar form, and absolute 
exactness or nice identification was not essential to the treatment of the 
themes then in hand. 

The form in question was thought to be identical with that far-west 
shell described by White * from Nevada as Spirifer centronatus (not S. 
centronata of Winchell, 1865). The typical S. marionensis, Shumard, 
seems to find its closest affinities with certain Lime Creek spirifers. 

That the suspicion of the identity of the so-called Spirifer marionensis 
from the horizons above the top of the Hannibal shales is well founded 
is further indicated by a recent statement + of Professor Weller, who is 
giving special attention to Kinderhook faunal studies. He says: 


“T have been coming to the conclusion strictly from the faunal evidence that 
the strata representative of the Louisiana limestone at Burlington must be lower 
down than I had first suspected. I have looked for the Spirifer marionensis fauna 
at Burlington, and was at first inclined to identify the common spirifer in the 
oolite bed with this species. This identification led me to place the horizon of the 
Louisiana limestone higher than I would otherwise have done. I am now con- 
vineed, however, that S. marionensis does not exist at Burlington, at least in the 
collections I have been able to study. 1 now identify this oolite species with that 
which has been described from the far west as S. centronatus. Whether it is Win- 
chell’s original S. centronatus from Michigan I do not know, having never seen 
authentic specimens from there and it never having been illustrated. The spirifer 


* Geog. and Geol, Survey, west of 100th Merid., 1877, p. 86. 
+ Communication, 
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from southwest Missouri, which has usually been identified as S. marionensis, is 
also, I think, S. centronatus.” 


INTERVAL FAUNAS OF THE OZARK REGION 


On the northwest flank of the Ozark uplift, where the Interval deposits 
are wanting, the fauna of the original Chouteau limestone directly suc- 
ceeds an Ordovician fauna. Farther southward in southwest Missouri 
intermediate faunas become intercalated. 

It has long been known that faunas comparable to those of the Chou- 
teau limestone, Hannibal shales, and Louisiana limestone occur in this 
region. Shumard * and Swallow ¢ early recognized there fossils belong- 
ing to these zones. ‘The later work of the Missouri Geological Survey 
throws much doubt on the possibility of the extension of the typical 
Louisiana into the southwestern part of the state, { though the peculiar 
fauna of the formation is fully recognized. On the other hand, § it is 
believed that the Hannibal shales are stratigraphically continuous with 
the similarly named shales of the southestern part of the state. All later 
evidence seems to bear out the correctness of this supposition. 

Still more recently Professors Weller’|| and Williams { have given the 
results of theirstudies of the fossils which they found in the formations 
of southwest Missouri and northern Arkansas. The most noteworthy 
horizon below the Burlington limestone is the black Eureka shale. The 
organic forms recorded from this formation are far too few in number to 
base any very important or exact faunal correlations. The Eureka ter- 
rane has been generally regarded as Devonian in age. Both of the 
authors just mentioned are inclined to put the formation considerably 
higher up—in the Carboniferous. The first named would have these 
shales represent the typical Chouteau limestone of central Missouri, while 
the other would parallel them with the typical Louisiana limestone. 

[ can well agree with the views of Professor Williams on this point, 
but with this explanation. At the time at which Professor Williams wrote 
the fossils of the Louisiana limestone had never been obtained higher 
than a few feet above the base of the formation, in the shale layers which 
there alternate with the lower layers of the limestone. This was the 
known horizon of what is called the Louisiana fauna. It is really the 
fauna of the black and green shales underlying. I am not aware that 
any fossils were ever obtained from any part of the Louisiana limestone, 


* Missouri Geol. Survey, Ist and 2d Ann. Repts., 1855, p. 103. 
t Ibid., Repts. 1855-"71, p. 207. 

t Missouri Geol. Survey, vol. iv, 1894, p. 52. 

# Ibid., p. 57. 

} Journal of Geology, vol. ix, 1901, p. 130. 

€ Arkansas Geol. Survey, Ann, Rept. 1892, vol. v, 1900. 
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except the very base, prior to the recent efforts to collect them from the 
higher horizons, made by Mr Rowley and myself. The main body of 
the Louisiana limestone is almost devoid of organic remains. With this 
understanding, the fauna of the Eureka shale, so far as it is now known, 
may be made the correlative of that at the basal layers of the Louisiana 
limestone. I had already come to this conclusion independently and 
some time, before Professor Williams made his trip to Arkansas. The 
only difference between us on this point is that I reached my own con- 
clusions along somewhat different lines. 

Both Professors Williams and Weller have unintentionally somewhat 
strained the facts in their identifications of species by comparing them 
only with stratigraphically higher forms. Comparison with the lower 
and older species gives very different results. Nearly all of the forms 
enumerated by the authors mentioned, besides many other species that 
were collected, were carefully compared more than a dozen years ago, 
during the progress of the Missouri geological survey in the southwestern 
part of the state. The deductions then reached were to the effect that 
the closest affinities of the various organic remains represented were to 
be found in the earlier forms rather than in the later. It appears beyond 
all doubt that some of the species listed by the authors referred to do not 
occur so low as the horizon of the Eureka shale. 

Williams places the Sylamore sandstone, a part of the Black shale 
(Eureka shale in part), and certain green shales which occur in northern 
Arkansas, in the Devonian. He considers these to represent all the dep- 
osition that took place during that time. 

The rounded and highly polished “ pebbles” which are so widely dis- 
tributed through the black and green shales I have regarded as chiefly 
coprolitic incharacter. In certain layers they occur abundantly with fish 
teeth and fish bones. Many of them are highly phosphatic in nature. 

While the basal limits of the Devonian in the northern part of the 
Mississippi valley have long been definitely located, the nether delimita- 
tion in the Arkansas region has, until very recently, remained undeter- 
mined, Professor Williams has shown beyond all reasonable doubt that 
the great Saint Clair limestone comprises in reality two distinct faunas— 
a lower one that is Ordovician and an upper one which’ is Silurian. The 
latter is what is generally known as the Niagara fauna, and limits the 
Devonian downward. 


CHARACTER OF THE TRANSITION ZONE 


There is a zone of indeterminate extent that, so far as its faunal fea- 
tures go, is often claimed as being undetermined as to geological age. 
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It is frequently called the Devono-Carboniferous zone. The general asser- 
tion is that it can not be referred to either one of the two great systems. 
Only the bare statement exists and is reiterated. The facts as now known 
give small grounds for the assertion. 

If the basal plane of the Carboniferous be taken as the bottom of the 
original Kinderhook, the forms of the succession of layers certainly do 
appear to be in unbroken sequence. According to the evidence here 
presented, the succession of fossils clearly indicates that the faunal occu- 
pancy of the region was at that time more than merely sequential—it 
was genetic. 

If, however, we proceed on the hypothesis that the base of the Chou- 
teau limestone should be considered the real bottom of the Carboniferous 
system, we find an entirely different group of circumstances prevailing. 
The higher fauna is manifestly not the direct genetic successor of the 
lower one. It is essentially alien. The biotic change at this level is as 
abrupt as the lithologic one. There is practically no transition zone at 
all. The line demarkating the faunas is sharply defined. There are, 
moreover, physiographic reasons for believing that an important strati- 
graphic line should be here drawn. 

In southwest Missouri, where the mergence of faunal elements into a 
Devono-Carboniferous zone has been most urged, similar conditions and 
similar facts appear to obtain. A mingling of faunas in the zone under 
consideration may be a feature, but it is a feature that never has im- 
pressed any one who is familiar with the faunal elements of the more 
northern strata generally called Devonian. Moreover, as already stated, 
Williams * has recently urged the faunal parallelism of the Sylamore 
sandstone and the accompanying shales of Arkansas with the Louisiana 
limestone of northeast Missouri. When it is remembered that the de- 
scribed fauna of the Louisiana limestone is really the fauna of the shales 
underlying, the real force of this statement will be at once apparent. 

The character of the so-called transition zone is viewed in another light 
from that which it has been ordinarily when it is considered that the 
present Ozark uplift has not been a land elevation ever since pre-Cam- 
brian times, but, as recently | shown, is of comparatively late origin. 


PECULIARITIES OF THE ORIGINAL KINDERHOOK 


The main reason for the general confusion which has so long prevailed 
regarding the limitations of the formations here regarded as properly 
belonging to the Interval deposits is no doubt the lack of exact field data 


*Arkansas Geol. Survey, Ann. Rept. 1892, vol. v, 1900, p. 318. 
Science, N.S., vol. vii, 1898, p. 588. 
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relating to the range of the various faunal elements. As already stated, 
this misunderstanding has been particularly noteworthy in the case of 
the original Kinderhook. The faunal relations of the several parts of 
this rock sequence have been fancied rather than real. The actual dis- 
tribution of the fossils has anomalies and peculiarities that were wholly 
unlooked for. 

As in the case of the great Ozark series, the original Kinderhook cer- 
tainly belongs partly to one great system and partly to another. The 
term Kinderhook can not be modified so as to be made to apply to either 
part. As a formational name, it is best dropped altogether, except in 
historical reference. 

The Chouteau fauna of Williams is not the fauna of the original 
Kinderhook beds. It is essentially the fauna of the original Chouteau 
limestone, notwithstanding the assertions of its greater extent. As such, 
it is a valuable unit of both the faunal and rock scales in the taxonomy 
of Mississippian stratigraphy. 

The original Kinderhook formation of Meek and Worthen is not a geo- 
logical unit, compact, definitely defined, and geologically useful; but a 
medley, unreal, and non-correlative. 


Evipences 0F UNCONFORMITIES 


A decade ago* it was suggested that the evidence acquired during the 
prosecution of the Missouri geological survey indicated that the Carbon- 
iferous rested unconformably upon the Devonian of the region. While 
it is not germane to the present theme, it may be stated that many ad- 
ditional data bearing upon this point have been, of late, obtained. The 
original Chouteau limestone appears to be the lowest member which was 
generally regarded as belonging to the Carboniferous that displays un- 
conformable relationships with the strata underlying. 

Attention has been called to the fact that west of Clinton, in west-cen- 
tral Missouri, the Chouteau limestone rests on Ordovician rocks; that 
eastward from the type locality of this limestone it rests on Devonian 
shales earrying such forms as Atrypa recticularis, Orthis impressa, etcetera. 
Thus, in this region, as shown by Marbut,{ the shales which are equiva- 
lent to those below the Chouteau limestone in northeast Missouri, all the 
Devonian, and the Silurian (“ Niagara”), are wanting. 

To the south, in southwestern Missouri, Devonian strata again appear. 
In northern Arkansas, Williams has lately demonstrated that both the 
Devonian and Silurian beds are present. On the east side of the Ozark 


* American Geologist, vol. x, p. 384, 1892. 


t Missouri Geol. Survey, vol. xii, pt. ii, p. 121, 1898. 
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dome, along the Mississippi river, both Silurian and Devonian sequences 
are unbroken. 

It has thus been assumed that the Devonian beds form one of the con- 
centric zones around the older central rocks of the Ozark dome. On 
this account chiefly it has been urged that the Devonian sediments were 
laid down around the margins of what is titled the Ozark isle. The 
necessary inference has been that during Devonian times subaerial 
erosion took place over the Ozark region. 

Attention to a few facts quickly shows the fallacy of such a hypothesis. 
The Devonian sediments themselves display nowhere a coarse littoral 
character. The “concentric ring” is not an unbroken one; it is sun- 
dered on the southeast and in the northwest portion. Devonian de- 
posits, highly fossiliferous, occur on the highest part of the Ozark uplift, 
proving beyond all doubt that in the absence of other evidence they 
extended undisturbed over the entire dome. It is clearly manifest from 
geographic inquiry that the present Ozark uplift is a very recent upris- 
ing—probably post-Tertiary. 

In the face of these facts, the hiatus in central Missouri has an unusual 
significance. it points at once to the suggestion that the area in which 
there was no Devonian deposition was not a subcircular belt coincident 
with the present flanks of the Ozark dome, but a more or less linear 
district—a narrow ridge, so to speak. The structure of the Ordovician 
beds of the region also indicates that this is the true explanation. As 
long ago as 1892 I called attention to the location of this old ridge. 
Today its importance appears much greater than had previously been 
supposed. 


CoMPARATIVE VALUES OF CORRELATIVE METHODS 


Not nearly enough detailed work has yet been done on the fossils to 
enable exact correlations to be made through the faunas alone. Were 
it not for the adoption of other and independent methods of correlation, 
the strata of the region, so far as the paralleling of the different vertical 
sections is concerned, might for a long time yet remain in a very unsat- 
isfactory condition. 

In the correlation of the strata five distinct methods have been made 
use of. In consequence the results obtained by one method have been 
checked by those arrived at through other independent data. In this 
way marked discrepancies in the readings of one set of records have been 
detected and corrected. The values of the several methods have been 
quite different in different localities, but when all could be applied in a 
single district the comparative results have been full of interest. This 
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has been particularly notable in the case of northeast Missouri in the 
area occupied by the original Kinderhook. 

In order of their practical values in the field work in this district, 
these five methods are similarity of lithologic sequence, lithologic simi- 
larity, faunal comparison, orotaxis, and homogeny. 


RECAPITULATION 


From the foregoing the following conclusions may be briefly stated : 

(1) The sediments of Missouri and the neighboring states, regarded as 
Devonian in age, form a well defined terrane that is delimited in a re- 
markably clear manner both above and below. 

(2) Over the area now occupied by the Ozark dome the Devonian 
sediments were deposited much in the same manner as farther north- 
ward, and not around the borders of an Ozark isle. 

(3) The gap in sedimentation during the Devonian interval must be 
more largely and widely represented to the west of the present line of 
outcrops along the western flank of the Ozarks. 

(4) The original Kinderhook formation is not a homogeneous terrane, 
but is composed of parts of two very distinct systems. 

(5) The median shale of the original Kinderhook is stratigraphically 
continuous with an undoubted Devonian shale, and the two appear actu- 
ally to form parts of a single formation, which above the mouth of the 
Missouri river contains in its middle the Louisiana limestone. 

(6) The so-called Chouteau fauna is a composite fauna, and not the 
fauna of the typical Chouteau limestone of central Missouri. 

(7) Many of the fossils that have been reported from the Chouteau 
limestone in central Missouri are now known to be not from this ter- 
rane, but from an entirely different formation. 

(8) A remarkable plane of unconformity appears to exist at the base 
of the typical Chouteau limestone, the full significance of which is as 
yet undetermined. 

(9) Instead of a complete mingling of the different elements of the 
faunas at the juncture of the Devonian and Carboniferous making up a 
Devono-Carboniferous zone, so to speak, the biotic changes of the two 
systems are rather sharply contrasted. 


i 


, 
l- 
n 
e 
f 
j 
> 
L 
7 
wilt 


VOL. 13, 1901, PL. 45 


WEST END, BOYER LAKE, HELEN MINE 


BULL. GEOL. SOC. AM. 


| 

| 
‘ 


BULLETIN OE THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 43, PP. 293-304, PL. 45 OCTOBER 14, 1902 


ROCK BASINS OF HELEN MINE, MICHIPICOTEN, CANADA 


BY ARTHUR P. COLEMAN 


(Read before the Society January 1, 1902) 


CONTENTS 


Introduction . 


of the iron ores to the basing... 300 


INTRODUCTION 


Among the thousands of lakes in Canada there are hundreds that are 
apparently rock-rimmed, having their outlet over sills of solid rock and 
having shores of rock in most places; but generally there is some drift- 
covered point in the circumference of the basin where an old channel 
may be concealed. It is not often that one can actually trace the solid 
rock entirely round the shore with no point hidden. This is the case, 
however, with the two small lakes near the Helen mine which are to be 
described in this paper. 

The causes of rock inclosed basins are various, most of them in 
Canada being due to glacial action, the rock surface having been exca- 
vated by the ice unequally, probably because of preglacial decay having 
extended to unequal depths, though it was commonly believed in earlier 
times that undecayed rocks could be deeply eroded by ice, and that 
even basins like that of Ontario could be excavated by it. 

It is now well known that glacial ice may pass over unconsolidated 
drift material with little or no effect in the way of excavation, especially 
near the margin of an ice-sheet where it has grown thin, and that exca- 
vation into solid rock is to be expected only under special conditions— 
for instance, where the ice is thick and its action directed toward certain 4 
points by the shape of its bed. 
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Our largest rock basin, that of Superior, is explained as a synclinal 
depression, probably of very ancient date, and a number of other large 
lakes, like Ontario, are supposed to have been formed by differential 
elevation, the lower part of a river valley being raised so as to pond 
back the water. Still others are explained as produced by faulting, 
blocks having slipped down during readjustments of equilibrium, as 
some geologists hold regarding the deep lake expansions of the Ottawa 
chain of waters. 

None of these explanations can apply to the two small basins at the 
Helen mine, and the theory of solution seems the only one that is sat- 
isfactory. 


ToPpoGRAPHY 


Lakes Boyer and Sayers occupy most of the floor of a narrow valley, 
at the east end of which is the Helen iron mine. The region is near 
Michipicoten bay, on the northeast side of lake Superior, and has the 
usual rugged character of that shore, but is easily accessible by the rail- 
way, twelve miles long, connecting the mine with the ore docks. This 
and the mining operations provide good opportunities to study the rela- 
tionships of the lakes. 

The outlet of the valley is 624 feet above lake Superior, according to 
the railway levels, though only 7 miles in a straight line from the shore, 
and there is a fall of 126 feet in less than 300 yards to Talbot lake, 
which represents the general level of the neighboring valleys. 

The Helen Mine valley is a narrow trough, three-quarters of a mile 
long and less than a quarter of a mile wide, running about east and 
west and opening northwest toward lake Talbot. The walls of the valley 
rise steeply to a height of 200 feet or more on the north and south, while 
the east end is closed by Hematite mountain, much the highest point in 
the region, rising 450 feet above the valley and 1,100 feet above Supe- 
rior. Climbing up from lake Talbot, which is 498 feet above lake 
Superior, the small stream draining the valley above becomes more and 
more rapid till, after plunging over the few feet of rock which hold in 
Sayers lake, it is a succession of short falls. This small lake or pond is 
624 feet above Superior, 1,200 feet long, and 600 feet wide, and is fol- 
lowed toward the east, after a dam of rock 200 feet across, by Boyer 
lake, 650 feet above Superior, about 1,700 feet long, and half as broad. 
To the east of Boyer lake is the ore body, which rose about 100 feet 
above it before mining operations began, and behind it is Hematite 
mountain. Boyer lake has been carefully sounded, and before it was 
partially drained to facilitate mining was 133 feet deep, with, however, 
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from 20 to 60 feet of slimy mud covering the rock bottom. ‘This lake 
has no visible tributaries, but is, of course, fed by the rainfall of the 
upper end of the valley. The small stream flowing out of it has not 
cut any appreciable channel, and the same is true of the stream from 
Sayers lake, which is stated to be about as deep as Boyer lake and with 
the same muddy bottom. One can walk round both lakes with solid 
rock in sight the whole way, so that there can be no doubt that the 
basins are inclosed by rock. In a few places the rock shelves gently 
into the basins, but generally forms steep slopes or even cliffs at the 


water’s edge. 
GEOLOGICAL CoNDITIONS 


In order to understand how the valley was carved it is necessary to 
give an outline of its geological structure. The lake basins are almost 
entirely inclosed in rocks of the Lower Huronian iron range—granular 
silica interbanded with iron ore toward the north, and the same with 
pyrite or else siderite toward the south. The steep slope of Hematite 
mountain and its summit consists chiefly of somewhat pyritous and 
silicious siderite. On each side of the band of iron range rock, which 
is about 1,000 feet wide, are greenish schists, mainly sheared quartz-por- 
phyry—the rock usually found underlying the iron range in the region. 
Part of the southern shore of Boyer lake consists of the quartz-porphyry 
schist, with a narrow dike of greenstone, now schistose also, so that its 
basin is not wholly inclosed by the iron range. The northern side of 
the iron range is very hard and cherty or quartzitic and has resisted the 
weather even better than the schist, so that it forms the highest part of 
the ridge. 

The eastern end of Boyer lake does not reach the foot of Hematite 
hill, since that part of the basin is occupied by the ore body which will 
be referred to again. 

Professor Willmott, who has studied the geology of the Helen mine in 
detail, represents the arrangement as synclinal, toward the western end 
complicated by the rising of a small anticline in the middle. The iron 
range is, of course, inclosed and folded within the thick series of schists 
forming the bulk of the Lower Huronian, and the date of the folding is 
very ancient, almost certainly pre-Cambrian. When the folding took 
place we can imagine the tough schists as yielding without much break- 
ing; but the more brittle iron-range rocks were greatly crushed, and a 
large amount of breccia was formed of fragments of granular silica, as 
may be seen along the north of the basin, especially on the shore of 
Sayers lake. 
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The crushing took place after the silicious part of the iron range had 
consolidated in the shape of polygonal crystalline grains, but before the 
deposit of granular silica was complete, for the angular fragments of 
white “ grained ” silica are cemented by less pure brownish silica hay- 
ing the same structure. It is probable that the crushing of the iron- 
range rocks was one of the most important factors in the hollowing of 
the valley and its rock basins, since it gave opportunities for the circu- 
lation of fluids. 


PROBABLE CAUSES OF THE Rock Basins 


We are now prepared to consider the forces which excavated the basin. 
It is evident that ice has done a great amount of work in the region, 
since blocks of ore weighing several tons are found on top the ridge 
toward the south, no doubt transported from the mass of ore beneath, 
now forming the mine at the east end of the valley, and it is also clear 
that the ice had at least some effect at the very bottom of the valley, for 
a shelving point of rock on the south side of Boyer lake, exposed by the 
partial drainage referred to before, is smoothed and striated, the motion ; 
of the ice being in a direction 10 degrees east of south across the strike 
of the schists and the direction of the ridges on the north and south. 

“However, the action of ice can have had little effect in scouring 
out a trough which lies transverse to its direction of motion, and 
there is good evidence to prove that the original hollowing of the valley 
took place, at least in part, long before the Glacial period, for the great 
ore body which occupies its eastern end is pre-Glacial in age, as shown 
by the erratic blocks of ore to the south and by the finding of glacial 
strive on top of the hillof ore by Doctor Bell.* The shape of the valley, 
with its steep, sometimes almost vertical, northern wall, is such as could 
not be agcounted for by the action of ice coming from the north, though 
a flow of ice toward the west, of which there is no evidence, might have 
done work of the kind. 

Nor can we consider running water capable of cutting the valley 
with its rock basins unless under conditions very different from the 
present; for the whole surrounding region is distinetly lower than the 
rock walls of the valley, which slope away in all directions, except along 
the narrow ridge of Hematite mountain, and afford no opportunity for 
a stream to enter the valley. At present there is nostream flowing into 
Boyer lake, and the small stream flowing out of it represents only the 
rainfall of the valley itself. It has done practically no work since the 
Ice age, though running over a somewhat decomposable rock, silicious 


*Geol, Survey of Canada, Summary Rept., 1900, p. 116, 
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siderite, heavily charged with pyrites and sometimes also pyrrhotite, 
and the same is true of the slightly larger stream draining Sayers lake 
into Talbot lake, which begins its course by tumbling over rock very 
similar to that at the outlet of Boyer lake. In any case, one could not 
imagine any stream short of a powerful waterfall excavating such deep 
basins, 133 feet below the level of the outlet, even if it had previously 
dug the valley down to its present slope. 

There is no evidence of late faulting to produce the basins, and warp- 
ing of the crust is out of the question for cavities so small; so that we 
are reduced to solution as their cause. 

The materials inclosing the basins are largely of a soluble kind—sid- 
erite, pyrite, pyrrhotite, and iron oxides—but there must have been a 
very large amount of silica removed also and of a very insoluble variety, 
for the granular silica of the iron range is not opaline nor even chalce- 
donic, but distinctly crystalline, as seen in thin sections, and not only 
the banded rock, but also the massive siderite, contains a considerable 
percentage of these quartz grains, which have to be disposed of in some 
way. In connection with this it may be mentioned that a pale-gray, 
flour-like silt found in large quantities a few miles southwest of the mine 
consists of silica, no doubt derived from the iron range, though not nec- 
essarily from this part of it. 


THE Action OF SOLVENTS 


The solvent that one thinks of first is carbonic acid, obtained by sur- 
face waters in the soil of the hills around, and this is no doubt capable 
of attacking the impure carbonate of iron which formed a large part of 
the rock to be removed. It is a curious fact, however, that the summit 
of Hematite mountain, the highest point for many miles, consists of sid- 
erite which has been weathered to the depth of a half inch, or at most a 
few inches, since the Glacial period, but has not been removed bodily, 
since there still remains a crust of limonite well shown in certain costean 
pits across the top of the ridge. 

The only other solvent likely to have been present is sulphuric acid, 
resulting from the action of water and oxygen on the pyrites distributed 
in large amounts through all the country rocks of the valley and form- 
ing more than half the volume of the rock at some points, as on the 
south shore of Sayers lake, where a prospector has driven a tunnel into 
the pyritous mass. However, caution is necessary in assuming that 
products of the decomposition of pyrites were the only important solv- 
ents, for it is often found that inside a mass of siderite completely 
changed to limonite the crystals of pyrites arealmost untouched, Evi- 
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dently the pyrite is not very readily decomposed, though the pyrrhotite 
found in some parts of the valley is attacked rapidly. 

The solvents mentioned, carbonic acid and sulphuric acid, appear to 
be the only ones which could be brought to bear under all the condi- 
tions, unless the work was done at considerable depths, when water, 
under pressure and more or less heated, would become an effective 
solvent, which might attack the silica as well as the other components 
of the rock. The last supposition, which seems very probable in early 
times, when the breccias of granular silica were cemented with fresh 
silica, can not hold for later times, when the valley was open to the air, 

Supposing the solvents at hand, why should certain parts of the iron 
range be attacked and removed, while others, such as the top of Hema- 
tite mountain, have shown a very high degree of resistance? Two rea- 
sons suggest themselves to account for this: The shattering of the iron 
range during the folding process was apparently quite local, and at the 
shattered points waters charged with solvents could circulate, while they 
were excluded from the unshattered portion of the range; and again, the 
materials of the iron range over the two basins may have been different 
in composition from the rest and more easily attacked—for example, 
there may have been unusual quantities of pyrrhotite at those points. 
It is not impossible that both assumptions are true, for the pyrrhotite 
which still occurs between the two lakes on the north side of the valley 
is not’a strong nor tough ingredient of the rock, and if present in large 
quantities would probably render it more frangible than the adjoining 
rock, as well as more soluble. 


RELATION OF THE I[RoN ORES TO THE BASINS 


A thorough understanding of the processes which made the great mass 
of iron ore at the east end of Boyer lake would, no doubt, help greatly 
in explaining the origin of the valley and its rock basins, and a brief 
study of the known facts will be of service here. Unlike most of the ore 
deposits of the iron ranges of Michigan and Minnesota, the ore of the 
Helen mine is completely free from any capping of silicious iron-range 
rock. Following the account of Professor Willmott, who has studied it 
carefully, it stands as a separate hill, sloping in all directions from the 
center and rising 100 feet above the original level of the lake, covered, 
however, to some extent round the edges, toward the north, east, and 
south, by boulder clay and debris rolled from the walls of the valley. 
The ore, which consists of hematite mixed with limonite, is of a some- 
what open, porous character, the walls of the cavities being lined with 
more or less concretionary or stalactitic limonite, and from its arrange- 
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ment appears to have been formed partly of loose fragments of siderite 
or of silicious iron-range rock changed to oxides in their present posi- 
tion, and partly of limonite deposited in a stalagmitic way from solu- 
tions which probably encountered here a current of water charged with 
oxygen. 

Professor Willmott considers that the cavities in which the ore was 
deposited were formed by the folding of the rocks and solution while the 
iron-range rocks still covered what is now the valley to the extent of 
hundreds of feet above its present level. This does not explain, how- 
ever, the way in which the overlying rock was removed from the valley 
and prevented from filling the two lake basins. 

Following this view, we might imagine all the iron to be removed in 
solution, when not precipitated by meeting oxygenated currents, as at 
the present ore body ; but the removal of the silica, which exists to the 
amount of 5 or 10 per cent in even the purest parts of the siderite, is not 
accounted for, and one would expect to find the rock basins filled with 
finely granular silica, like certain bands of pure-white sand occurring in 
the ore body as a residuum from the solution of the siderite. 

In accounting for the replacement of silica by iron ore in the Michigan 
mines, Professor Van Hise* and other geologists have supposed that 
alkaline waters have been the chief agent, and there is no doubt that 
silica may be removed in that way, especially when the water is warm ; 
but it is not easy to imagine such solutions at work after the valley con- 
taining the two lakes here described was open to the sky, and the basins 
could not have been completed before that time, or the fragments of the 
overlying undissolved part of the iron range must have filled them when 
the final collapse took place. 

There is no known source of alkaline solutions in the valley at pres- 
ent, for the iron range, which includes most of the inclosing rocks, is 
singularly poor in alkalies, and the immediately adjoining quartz-por- 
phyry schists are themselves largely silicified and charged with car- 
bonates. 

It is possible that the valley was cleaned out by the action of a stream 
flowing through it at a remote time when the surrounding country had 
not been cut down to its present level, but there is no evidence at hand 
to prove this, and the carving of the basins below the level of the outlet 
of the valley could not be accounted for in this way. On the whole, it 
seems more probable that the slow action of the weather and of the little 
stream representing the local drainage cleared out the valley after sub- 


*U. S. Geol. Survey, Mon. xxviii, Marquette region, p. 403. 
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terranean leaching had progressed far, crumbling the brecciated rocks 
which filled it, and that when this process was complete or nearly so 
the basins were excavated in parts of the bed more easily soluble than 
others, the carbonates of iron, lime, and magnesia, which make up nine- 
tenths of the rock, being removed * and the silica left behind in the 
basins as part of the green mud covering the bottom to depths of from 
20 to 60 feet. An analysis of this mud, made in the laboratory of the 
Lake Superior Power Company, at Sault Sainte Marie, Ontario, showed 
that more than 47 per cent of it is silica, the next largest solid ingredient 
being iron, which forms 11 per cent. 

This account of the hollowing of the lake basin seems to conflict with 
Professor Willmott’s theory of the formation of the ore body, which he 
supposes to have been deposited in a cavity or cavities before the over- 
lying iron-range rocks had been removed, for the ore apparently occupies 
the east end of the Boyer Lake basin, and, ifso, must have been deposited 
after that was formed. It may be, however, that the ore, which has 
been found by boring to go 188 feet below the original lake level, repre- 
sents largely or entirely the oxidation of siderite in place, and that the 
lake basin is later in age and formed partly by solution of the ore itself. 

It is of interest to note in this connection that iron is still going into 
solution and still being deposited in the basin, for at the east end of the 
lake, north of the ore body, a considerable thickness of bright yellow 
ocher containing 494 per cent of iron, was discovered when the water 
was lowered by cutting down the outlet, evidently a distinct and much 
later deposit than the ore of the mine, since it rests in part on the lower 
slope of the mass of ore. In addition all the rock surfaces which had 
been below water are covered with a film of bog or lake ore, which in 
some places forms flat concretionary rims at certain levels or round 
cakes a few inches across and half an inch thick in the upper part of the 
green mud. ‘These deposits represent work done since the Ice age, for 
they are found on glaciated surfaces and on drift boulders; and if we 
multiply the thousands of years since the ice departed to equal the mil- 
lions of years of pre-glacial action, perhaps the present rate might ac- 
count for the great mass of ore at the mine, if all was accumulated at 
one place instead of being spread over the basin. Whether more ma- 


*See Bureau of Mines of Ontario, 1901, p. 193, for analysis of the siderite : 
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terial is now being dissolved from the basins than is deposited in them, 
there is no means of deciding. 


AGE OF THE Rock Basins 


The age of these two remarkable rock basins can not be very precisely 
determined, all that is certain being that they are post-Huronian and 
pre-Glacial. No rocks later than the Keweenawan eruptives and con- 
glomerates and the immediately overlying Lake Superior sandstones are 
known in the region. If the latter once covered the Helen mine, the age 
of the basins must be post-Cambrian; but the horizontal sandstones 
often found around the shore? of Superior have never been reported at 
a level so high as 650 feet above the lake, at least on the north shore, so 
that the erosion of the region probably began before the Cambrian. It 
is probable that the Archean mountains, whose stumps are no doubt 
represented by the Laurentian granites and gneisses, with Huronian 
synclines sharply nipped in between, have never been buried under later 
rocks, in which case the shaping of the topography may have begun 
with the Paleozoic. 

The formation of the million tons of iron ore at the mine toward the 
eastern end of Boyer lake must have been a very slow process, and if 
the basin was complete before its deposit was commenced it may even 
be Paleozoic in age; but if the ore was there before the basin, as seems 
more probable, and was partly dissolved and removed in its formation, 
the date assigned will be very much later. When the mine is worked 
at lower deptis than now we shall probably learn with more certainty 
the relationships of the ore body to the lake basin and be abie to solve 
some problems now left open. 

One naturally asks if the rest of the basin of Boyer lake was once 
filled with ore, since dissolved away, and if the basin of Sayers lake also 
once contained ore; but this question can hardly be answered at pres- 
ent. No doubt much iron ore has gone down the valley in solution, for 
the beds of sand forming lake terraces near Michipicoten harbor are 
often cemented with limonite over wide areas; but this is of course a 
comparatively modern deposit, certainly post-Glacial, and has little to 
do with the early history of the rock basins. 

We may safely say that the two deep ponds at the Helen mine occupy 
basins very much more ancient than those of most other lakes in Canada, 
to be compared in age with such profound cavities as the one occupied 
by lake Superior rather than with the tens of thousands of large and 
small basins produced by the Glacial period. 
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In closing this paper, acknowledgments must be made to the Messrs 
Clergue and their engineers at the mine, and also to Professor Willmott, 
for their great kindness in supplying information and for the use of maps 
and sections prepared for purposes in connection with the mine. 

It is now very easy to reach these extraordinary little rock basins by 
steamer and railway from Sault Sainte Marie, and the region presents 
an unusual variety of interest to the geologist and geographer, as well as 
to the mining engineer. 
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MOUNT GOULD, LEWIS RANGE 


From South Fork of Swift Current, king southwest. A characteristic clitf of Siyeh limestone overlying 
Grinnell Argillite; dark band of intrusive diorite. The valley is a glacial amphitheater typically developed on 


joint plains, From lake to summit, 4,670 feet. 


& 
a 
| 
> 
* 


ing 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 13, PP. 305-352, PLS. 46-53 NOVEMBER 15, 1902 


STRATIGRAPHY AND STRUCTURE, LEWIS AND LIVINGSTON 
RANGES, MONTANA * 


BY BAILEY WILLIS 


(Presented before the Society January 1, 1902) 


CONTENTS 

Page 


* Published by permission of the Director of the U.S. Geological Survey. 


XLVI—Buut, Grou. Soc. Am., Vor. 13, 1901 305) 


PL. 46 
te 
‘ 
' 
|. 
| ‘ 
= 
on 
i 


306 B. WILLIS—LEWIS AND LIVINGSTON RANGES, MONTANA 


Page 

Structure beneath the thrust surface. 333 
Structure above the thrust surface. .............ccccccceccceccccecss 333 
Structural antecedents of Lewis thrust..... 336 
Antecedents by folding and 339 
Associated structures of the Lewis thrust.................00eeee0e8- 341 
Great plains and Front ranges... 
Distinctive character of Front ranges.... ...........0cccccececcees 347 
Recognition of peneplain in the Front ranges........... 348 
Igneous rocks of the Algonkian series; by George I. Finlay............ sina! a 


Synopsis 


The facts stated in the following article relate to the Front ranges of 
the Rocky mountains in Montana and adjacent Alberta, between the 
Great plains and the valley of North Fork of Flathead river. The 
Front ranges are two—Lewis range, which, rising from the Plains across 
northern Montana, extends into southern Alberta and ends, and Liv- 
ingston range, which, lying 8 to 15 miles west of the Lewis, becomes in 
Alberta the easternmost height of the Rockies. The features of adja- 
cent districts are described so far as they bear on the main subject, the 
stratigraphy and structure of the Front ranges. 

Lewis and Livingston ranges consist of stratified rocks of Algonkian 
age, as determined on fossils which were found by Weller in the lowest 
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limestone of the series and identified by Walcott as probably being 
Beltina danai, the species of crustacean discovered in the Grayson shales 
of the Belt mountains. The Algonkian series consists of limestone, 
argillite, and quartzite, classified in five formations. There is a certain 
degree of repetition in the general phases of sedimentation ; limestone 
is succeeded by argillaceous and quartzitic beds, which are surmounted 
by a considerable thickness of highly ferruginous red sediments, and a 
second great limestone also is followed by quartzite and argillite, the 
last named being again of a deep red color and carrying casts of salt 
crystals. There is apparent conformity throughout. The series is so 
situated with reference to other rocks that no lower or upper strati- 
graphic limit could be determined. Dr G. M. Dawson classified the 
strata as Cambrian, Carboniferous, and Triassic, but it is believed that 


misled by lithologic resemblances. 

Igneous rocks occur sparingly in the Algonkian series. An intrusive 
sheet of diorite is extensive in the upper limestone formation and an 
extrusive flow of diabase caps it. 

Carboniferous limestone, with an abundant fauna of the Saint Louis 
horizon, was found west of the Front ranges. Cretaceous strata underlie 
the Great Plains, and fossils of Dakota, Benton, and Laramie age were 
collected from them. Early Tertiary conditions are represented by 
erosion surfaces on the Great Plains, probably also in the Galton range, 
and possibly in the Front ranges. Later Tertiary lake and marsh 
deposits occur in the valley of North Fork of the Flathead. Preglacial 
gravel beds were distinguished at a high level above existing drainage 
channels. The drift is not discussed. 

The Algonkian strata form a syncline whose axis trends west of north, 
Southwestern dips vary from 5 to 30 degrees. Northeastern dips are 
generally 80 to 40 degrees and locally approach or pass verticality. 
Minor flexures within the syncline are very broad and low. The 
northeastern limit of the fold is an eroded margin; the southwestern 
is an anticlinal axis whose western limb is in part eroded, in part 
thrown down by a normal fault along North Fork valley. Syncline 
and anticlines are closely related to valley and ridge respectively, and 
this relation extends to heights of peaks. 

Along its eastern margin the oldest Algonkian formation rests upon 
Cretaceous rocks. The outcrop of this abnormal contact is deeply sinu- 
ous throughout the stretch from Saint Mary lake to Waterton lake. The 
structure is described as an overthrust fault, on which the Algonkian 
series has moved northeastward relatively over the Cretaceous rocks. 
The displacement on the thrust surface is 7 miles or more, and the ver- 
tical throw is estimated at 3,400 feet or more. The thrust surface dips 


he mistook certain local overthrust faults for unconformities and was 
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from no degrees to ten southwestward and strikes variously from north 
to North 60° West. Thus it is warped, and this warping is found to de- 
termine the general outline of the eastern face of the Rocky mountains, 
particularly the prominence of Chief mountain, and the relative position 
of the Lewis range, en echelon to the Livingston. 

Under the subject of structural antecedents the writer discusses hypo- 
thetical conditions from which the overthrust fault may have resulted. 
The physical history of the region, is traced from the Dakota epoch to 
Miocene time. Observed facts are arranged in sequence, interpreted, 
and supplemented by inferences. Deposition, deformation, erosion to a 
peneplain, and later deformation are considered as successive stages in 
development of the present geologic and physiographic relations. It is 
concluded that the Lewis range owes its present elevation above the 


‘Great Plains largely to upward movement on the overthrust : that this 


uplift was preceded by a peneplain stage which came to a close in early 
or mid Tertiary, and that the elevation of the Front ranges dates from 
that time. Subsequently they were isolated along their western margin 
by normal faulting, which determined new drainage lines. 


INTRODUCTION 


During the summer of 1901 the writer visited that portion of northwest 
Montana lying west of longitude 113 degrees 30 minutes and north of lati- 
tude 48 degrees 30 minutes, and examined especially the stratigraphy 
and structure of that part of the Rocky mountains between the Great 
plains on the northeast and Flathead valley on the southwest. The dis- 
trict lies in Teton and Flathead counties, Montana, and in the adjoining 
divisions of British America. It comprises the Front ranges, which con- 
sist of two heights, the Lewis and Livingston crests. Streams flowing 
from it enter the Saskatchewan, the Missouri, and the Columbia, and it 
thus contains the main continental divide between the Atlantic and 
Pacific oceans, as well as that between Hudsons bay and the gulf of 
Mexico. 

The purposes of the expedition were those of general reconnaissance. 
The work laid out for the season extended to an investigation of a strip 
180 miles long, south of the international boundary, as far west as lon- 
gitude 116 degrees 30 minutes, and therefore detailed work in any specific 
district was impracticable. Nevertheless, two months were passed in 
actual fieldwork in the Front ranges of the Rocky mountains, and suffi- 
cient data were gathered to add materially to our knowledge of them. 

In this trip the writer was associated with Mr Stuart Weller, paleon- 
tologist, and Mr George I. Finlay, assistant geologist, and he is indebted 
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Fiaure 1.—Map of Northwest Montana. 


Showing Lewis and Livingston ranges and their relations to the Great Plains 
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to both gentlemen for their cordial assistance. Mr Weller especially, 
through his persevering search for fossils, contributed to the definite 
results ofthe work. Mr Finlay’s notes on igneous rocks are appended to 
this article. 


PuysicAL FEATURES 
GREAT PLAINS 


The eastern portion of the area examined lies adjacent to the Rocky 
mountains, in the Great plains, which were traversed from Blackfoot, a 
station on the Great Northern railway, to the 49th parallel. Although 
properly described as part of the plains which stretch eastward for a 
thousand miles, the surface here has marked relief, there being differ- 
ences of elevation which amount to 500 feet between summits and val- 
leys. About Blackfoot and Browning the relief is partly built up by 
moraine of the great continental glacier, and along the eastern base of 
the mountains there are generally morainic accumulations from the 
local glaciers which descended along the valleys.* The greater part of 
the inequality of altitude is due, however, to the down cutting of the 
streams. ‘These are consequent on the general slope descending north- 
easterly. ‘The valleys, as a rule, are broad and defined by one, two, or 
more terraces, of which the lower ones were built up and cut down by 
the stream in recent times, but the higher ones are plains of erosion 
across marine strata. 

The highest surfaces of the plains are limited in extent, constituting 
according to field estimate not more than one-fiftieth of the total area. 
Nevertheless, their profiles fall into a uniform line that represents an 
ancient plain, due to erosion across Cretaceous shales and sandstones 
of unequal hardness. The extent and uniformity of this plain are very 
marked, and it is the initial physiographic fact of the region. It is 
herewith designated the Blackfoot plain, after the Indian tribe whose 
name is associated with the region. On this ancient surface there is a 
widely distributed thin layer of gravel which is supposed to antedate 
the Pleistocene deposits. 


FRONT RANGES 


Lewis range.—The Front ranges of the northern Rockies between lati- 
tudes 48 degrees 40 minutes and 49 degrees 10 minutes present two par- 
allel crests about 8 miles apart. The eastern one rises from the Plains 
in Canada about latitude 49 degrees 10 minutes between Saint Marys 


*See summary of observations of F. H. H. Calhoun, by R. D. Salisbury. Journal of Geology, 


University of Chicago, January, 1902. 
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Figure 1.-Marein or Garear Pains av Foor or Lewis Range 


Looking south across Swift Current valley to Saint Mary ridge and East Flattop 


Ficure 2.— Norn Stipe or Swier Current ALTYN 


Looking east. Typical Altyn limestone cliff, iower member, overlying Benton shale. Locality of Algonkian fossils 
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and Waterton rivers, and extends southeastward to about latitude 46 de- 
grees 45 minutes. It will be designated the Lewis range after Captain 
Meriwether Lewis, who in 1806 was the first white man to cross it. As 
the Lewis range does not extend far north of the 49th parallel, the 
western crest becomes in Canada the easternmost heights of the Rocky 
mountains, and it has there been called the Livingston range. This 
name is herein adopted and applied to the mountains as far south as 
mount Heavens near McDonald lake. Here the Livingston range appears 
to fall away and lose its identity. Between the Lewis and Livingston 
ranges is an elevated valley in which Waterton river and the tributaries 
of McDonald lake have their sources, the former flowing northerly, the 
latter southwesterly from a flat-topped mountain in the heart of the range. 

From the Great plains prominent spurs of Lewis range rise very boldly 
in the mountains known as Divide, Red Eagle, East Flattop, Yellow, 
and Chief, and in the heights west of Belly river. Looking at one 
of these promontories in profile it may be seen to present towards the 
northeast a bold and even precipitous scarp (figure 1, plate 47), from the 
foot of which the line of slope of the Great plains descends gently east- 
ward. These mountain promontories carry the contours between 8,000 
and 9,000 feet elevation as much as ten miles out to the northeastward 
from the main crest of the Lewis range. Between them are valleys ex- 
cavated at elevations between 4,500 and 5,000 feet above the sea, which 
extend at moderate level very nearly to the crest of the range, and end 
in radiating canyons, under cliffs that rise boldly about their heads (see 
plate 46). They are also bounded along their sides by cliffs which out- 
line the promontories (figure 2, plate 47). Thus the eastern margin of 
the Lewis range is deeply sinuous, and the heights above the general 
altitude of the Plains are marked off by cliffs from the lower slopes. 
The promontories are commonly sharp ridges of mature form, but are 
sometimes broad. That which lies between Boulder creek and Saint 
Mary lakes, and which is called East Flattop, carries a broad plateau- 
like summit at 7,000 to 8,000 feet above sea. This summit is unsym- 
pathetic to its environment and represents an older phase of topography. 
The slopes of the valleys exhibit soft and rounded forms, due either to 
erosion of incoherent clay shales, to deposition of glacial drift, or to 
numerous landslides. 

The crest of the Lewis range is everywhere narrow, and in many 
places is a knife edge of jagged rocks. The precipices by which it is 
defined are frequently more than a thousand feet in height, and in some 
instances attain an altitude of 4,500 feet with a slope that is nowhere 
below 50 degrees. These cliffs are the walls of profound amphitheaters, 
usually occupied by lakes. The sculpture is that which is characteristic 
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of the activity of valley glaciers in strongly jointed flat-bedded rockg 
None of the high summits were ever submerged beneath a general iegs 
sheet, although glaciers accumulated to great depth in the valleys. The 
spurs which extend from the crest northeasterly have summit character 
resembling those of the crest in its immediate vicinity and sometimes t@ 
a distance of several miles away from it. 

Differences of elevation along the crest of the Lewis range are scarcely 
less pronounced than they are across it. Its rugged backbone is accents 
uated by high peaks between which are deep U-shaped wind gapg 
The elevations of the highest summits range from 8,500 to 10,400, and 
those of the wind gaps from 5,500 to 6,500. Many small glaciers still 
linger in the shadows of the high peaks, and the Harrison and Blackfoot 
glaciers are nearly continuous for 54 miles along the summit between 
Harrison creek and Saint Mary river, 

Waterton-McDonald valley.—W est of the Lewis crest and between it and 
the Livingston crest lies the central valley of the Front range. It hag 
the trend common to all the major features, north 10 to 20 degrees west 
and is drained by two streams, one of which, Waterton river and itg 
head tributaries, flows north, the other, the McDonald lake drainage 
flowing south and southwesterly. The divide between these streams ig 
known as Flattop mountain, but should not be confu: d with the Flat 
top mountain east of the Lewis range. It hasan elevation of about 6,800 
feet, and is a broad expanse of slight relief, which was .n fact the floor 
of an older valley under a previous condition of drainage lines. The 
head of Waterton river, Little Kootna creek, lies in a canyon 3,000 feat 
deep, across the northern end of Flattop mountain, and Mineral and 
McDonald creeks, which unite to flow to McDonald lake, lie respectively 
on the northeast and southwest sides of the mountain, also in deep, 
steep-sided canyons (see figures 1 and 1, plates 50 and 51, in panorama) 
These canyons represent the latest work of the streams in engraving 
their channels on the old valley floor. Remnants of the higher and ear 
lier valley extend as broad benches along the western slope of the Lewill 
crest and the eastern slope of the Livingston crest. Northwestward be 
yond Little Kootna creek and southeastward beyond the canyon of 
Mineral creek are high mountain masses which attain very nearly the 
extreme altitudes of the eastern and western crests. The exact relationg 
of these several physiographic features, the date of the ancient valley of 
Flattop mountain, and its relation to one or more episodes of glacial 
occupation, are not yet fully made out. 

Livingston range-—North of McDonald lake and surrounded at ité 
eastern and southern base by McDonald creek is a conspicuous height 
known as mount Heavens. During much of the summer season it if 
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MAP OF GREAT PLAINS AND FRONT RANGES, NORTHWEST MONTANA 


Reduced from Browning and Chief Mountain atlas sheets, U. 8. Geological Survey. Shaded area, Cretaceous rocks; white area, Algonkian rocks; heavy black line, outcrop of Lewis thrust. For section from Chief 
mountain to North Fork valley see plate 53. ’ 
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extensively mantled with snow and carries a small glacier on its north- 
eastern slope. This is the southernmost peak of the Livingston range, 
from which the crest is extended northwestward to its limit, probably in 
mount Head, in British Columbia, about in latitude 50 degrees 25 min, 
utes. Like the Lewis crest, that of the Livingston range is often narrow- 
but of the two it is the wider, and it presents massive mountain groups» 
with pyramidal forms instead of knife-edge aréttes. Between these 
groups are deep U-shaped wind gaps, very similar to those which mark 
the Lewis range, and from them the descents are steep to the headwaters 
of streams flowing southwesterly. 

The main continental divide from a point in British Columbia follows 
the Livingston range to latitude 48 degrees 50 minutes, not quite as far 
south as mount Heavens, then descends on to Flattop mountain between 
Little Kootna and McDonald creeks, and ascends to the Lewis range, 
which it follows about to latitude 46 degrees 45 minutes. 

The western slope of the Livingston range is deeply sculptured by 
valleys which, descending from the wind gaps, contain long, narrow lake 
basins. Each one of the streams south of the 49th parallel—Kintla, 
Bowman, Quartz, Logging, Camas, and McDonald—spreads out into one 
or more lakes, which vary in length from 2 to 10 miles. Unlike the 
tock-bound pools which lie in the amphitheaters of Lewis range, these 
waters are margined chiefly by slopes of gravel or talus, and only about 
their upper ends do the mountains rise with anything approaching a 
precipitous character. The shores and slopes are forest-clad, giving them 
an aspect very different from that of the valleys on the northeastern side 
of the mountains. 

Although the mass of the Livingston range is thus deeply sculptured, 
the limit of the mountains on the west is definite, and, unlike the sinu- 
ous margin of the Lewis range toward the Great plains, it has the char- 
acter of a bold face rising from foothills. 


FLATHEAD VALLEY 


West of the Livingston range in the United States and southern British 
Columbia extends the valley of the North fork of Flathead river. It is 
abroad depression with a general altitude along the river course from 
3,100 feet near the forks of the Flathead to 3,500 feet about the 49th 
parallel. The river is a swift, clear stream, sometimes 50 yards wide, 
With many gravelly bars and deep pools. It winds in numerous ox- 
bows, now between low gravel banks of its flood plain, again past higher 
terraces of drift, and occasionally under bluffs of stratified clays, with 
which sandstones and lignites are interbedded. The wide valley opens 
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back from the channel of the stream to a distance of from 2 to 5 miles 
with an ascent by terraces and irregular slopes to foothills of the Living- 
ston range on the east. ‘The drift deposits extend above an elevation of 
5,000 feet, and about that level present east and west profiles of a flat 
character, suggesting that the deeper part of the valley was once occupied 
by ice or gravel, and the space between it and the mountains was filled 
to a comparatively smooth surface. 

The presence of the drift at so great an elevation carries the profile 
from the valley to the rocky heights of the Livingston range with a 
much gentler grade than would be the fact were the drift removed. It 
appeared from a brief examination of Camas, Logging, Bowman, and 
Kintla lakes that the face against which the drift is piled was limited 
along a line extending across the several valleys from southeast to north- 
west after the fashion of a definite scarp, and upon this apparent fact 
in part is based an inference as to the structural relation of the Flathead 
yalley and the Livingston range. 


STRATIGRAPHY 
GENERAL STATEMENT 


The strata encountered in that part of the Front range of the northern 
Rockies to which this article refers belong to five great periods of geo- 
logic history, separated by immense gaps. ‘The oldest are sediments of 
pre-Cambrian age, in large part at least, with possibly some early Cam- 
brian strata. They have an aggregate thickness of more than 12,500 
feet. Carboniferous limestone was observed in a small area in the Gal- 
ton range west of Flathead valley, on Yakinikak creek, and although it 
is absent from the Front range near the 49th parallel, it occurs to the 
uorthwest and southeast as well as west, and probably extended over 
the entire range. Strata of Cretaceous age occur extensively in the 
Great plains and in the valleys which penetrate so deeply into the east- 
ern slope of the Lewis range. Lake beds of Tertiary age, either of Mio- 
cene or Pliocene date, are exposed in the bluffs along the North fork of 
Flathead river. East of the Front range on the foothills of the great 
promontories overlooking the Plains, and on the highest levels of the 
Great plains themselves, there are coarse gravel deposits of stream-worn 
material, which apparently antedate any glacial formations of the region, 
and may be Pliocene or early Pleistocene. Finally, the latest episodes 
of development are recorded in glacial drift, partly brought down from 
the valleys and partly deposited by the great continental glacier which 
spread from the northeast over the Plains toward the base of the Rockies. 
Closely related to all of that portion of the history which is of post- 
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Cretaceous age is the physiography of the range, a record that must be 
read in connection with the deposits from lakes and glaciers and should 
be interpreted in the light also of the structural geology. 

The following is a tabular statement of these rocks and of the forma- 
tions into which they are classified for the purposes of this report : 


Geologic Formations represented 


( Characterized by boulders of granitic, 
gneissoid, and other Laurentide rocks ; 

forms a moraine across Saint Mary and 
{ Belly valleys and beyond. 


Distinguished by absence of Laurentide 
rocks; composed of Algonkian sedi- 
Valley glacier drift. mentary and igneous rocks in hetero- 
geneous association as till and strati- 
fied drift. 


Pleistocene. = 


Type locality—a gravel mesa, elevation 
5,800 feet, 5 miles east of Chief moun- 
tain, north of Kennedy creek, and 900 
feet above it; by water- 

: worn material of local origin, Algon- 

high level kian rocks up to 2 feet in diameter; 

ie = average coarse stuff under 1 foot, much 
of it 2 to 6 inches; distinguished by 
absence of glacial striz, by stratifica- 
tion, and by altitude above present 

stream channels (figure 2, plate 51). 


(Clay, stratified, light gray; fine, very 
homogeneous ; interbedded with very 
it Fork waite | friable, light greenish sands and brown 
y: lignite. 


Highest and oldest peneplain of the 


Earlier Tertiary. Blackfoot peneplai, | Great plains in this district, cut across 
upturned Laramie and older strata. 


andstone, hard, gray, cross-bedded, and 
soft shaly interbedded, carrying lay ers 
of oyster shells and containing plant 
remains. 


Laramie sandstone. { 


Shale, dark, bluish gray, very fissile, 
fossiliferous, with occasional beds of 
sandstone, medium grained, brown, 
and thin limestone layers. 


Cretaceous. Benton shale. 


shale, arenaceous, with plant remains 


{ Sandstone, yellow and brownish, and 
and freshwater shells. 


| Dakota sandstone. 
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Carboniferous 


Algonkian. 


| 
1 
| 


#| Quartzite. 
Kintla argillite. 


Sheppard quartzite. 


Siyeh limestone. 


Grinnell argillite. 


| Appekunny argillite. 


( Limestone, light gray to dark gray blue, 
crystalline, specked with black cleav- 
age faces, or amorphous; sometimes 


Yakinikak limestone.{  odlitic; weathers rough ; highly fossil- 


iferous, Saint Louis horizon; type on 
Yakinikak creek, 4 miles west of North 
fork of Flathead river. 


Quartzite, massive, coarse, white, or iron- 
stained ; weathers into rounded bosses ; 


{ 25 feet thick between conformable 


limestone above and unconformable 
argillite below. 


Argillite and quartzite, thin-bedded, 
maroon red, ripple-marked, and sun- 
cracked, containing casts of salt crys- 
tals; also occasional beds of white 
quartzite and some calcareous ; thick- 
ness, 800 feet; no upper limit seen; 
type locality, pyramidal peaks on 49th 
parallel, at head of Kintla drainage, 

| foreground of figure 2, plate 50. 


Quartzite, yellow, ferruginous; thick- 
ness, 700 feet +; overlies extrusive 
diabase flow; type locality, cliffs be- 
tween head of Belly river and central 
Flattop mountain. 


( Limestone chiefly, but with argillite in- 
terbedded, usually massive, of mural 
aspect (plate 49), dark blue or grayish, 
weathering buff; often characterized 
by peculiar internal structures and by 
large concentric growths; indistinctly 
fossiliferous, associated with an intrn- 
sive diorite sheet and dikes and with 
an extrusive diabase flow at its upper 
surface; thickness, 4,000 feet; type 
locality, mount Siyeh, at head of Can- 
yon creek, Swift Current drainage, 
but equally well exposed in other high 
peaks (plate 46), mount Gould. 


( Argillite, dark red, shaly, sometimes 
arenaceous, ripple-marked, and sun- 
cracked ; thickness, 1,000 to 1,800 feet; 

| type locality, mount Grinnell, at head 

of Swift Current valley ; also well ex- 
posed in Appekunny and Robertson 
| mountains. 


Argillite, prevailingly gray, black, and 
greenish ; thin-bedded, ripple-marked, 
interbedded with white quartzite ; car- 
ries flattened concretions resembling 
fossils; thickness, 2,000 feet +; type 
locality, Appekunny mountain, north 
of Swift Current valley ; also generally 
well exposed in Lewis and Livingston 


ranges. 
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( Limestone, of which two members are 
distinguished ; an upper member of 
argillaceous, ferruginous limestone, 
yellow, terra-cotta, brown, and garnet 
red,very thin-bedded ; thickness,about 
600 feet; well exposed in summit of 
Chief mountain (figure 1, plate 52); 
Algonkian. Altyn limestone. 4 anda lower member of massive lime- 
stone, grayish blue, heavy-bedded, 
somewhat silicious, with many flat- 
tened concretions, rarely but definitely 
fossiliferous ; thickness, about 800 feet ; 
type locality, basal cliffs of Appekunny 
mountains, north of Altyn, Swift Cur- 
rent valley (figure 2, plate 47). 


ALGONKIAN 


vrrelation.—The oldest rocks found in this district are those which 
constitute the Lewis and Livingston ranges. The oldest formation of 
the series, the Altyn limestone, is assigned to the Algonkian period on 
the basis of fossils discovered by Weller in its characteristic occurrence 
at the foot of Appekunny mountain near Altyn, Montana. These fos- 
sils are fragments of very thin shells of crustaceans. They have been 
examined by Walcott, who states : 


“The fragments of crustaceans collected by Professor Stuart Weller, in Montana, 
may be referred provisionally to Beltina danai, as described in volume X, page 
338, of the Bulletin of the Geological Society of America. 

“The mode of occurrence of the material is similar to that found in the Grayson 
shales of the Algonkian in the Belt mountains, Montana. Hundreds of broken 
fragments of the carapace of the crustaceans are distributed unevenly through the 
rock. Occasionally a segment or fragment of what appears to be one of the ap- 
pendages is sufficiently well preserved to identify it.” 


The fossiliferous strata of the Belt formation in the Belt range are 
separated from the Cambrian by 7,700 feet of sediments and an extensive 
unconformity. In the Front range of the Rockies 10,700 feet of appar- 
ently conformable strata overlie the fossiliferous bed, and it is possible 
that the plane of division between Algonkian and Cambrian as deter. 
mined by paleontologic evidence will be found in this great series. In 
the upper part of the Siyeh limestone near the head of Mineral creek, 
Weller found some indistinct forms which he considers possibly to be 
parts of crustaceans. Walcott expresses a similar view, saying: 

“Mr Weller’s suggestion that the fragments possibly represent crustacean re - 
mains appears to be the most plausible. If from a Devonian horizon they would 


suggest the genus Licas, or some of its subgenera. It is a case where more mate- 
rial is needed in order to arrive at any definite conclusion.” 
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In the upper part of the Siyeh limestone there are also large concre- 
tionary masses which are irregularly cylindrical in form, with major axes 
at right angles to the bedding of the rocks, and which attain the dimen- 
sions of a keg, and even of a small barrel. Walcott states that these forms 
are similar to those found in the pre-Cambrian rocks north of Helena, 
Montana, but as yet they have yielded no evidence of organic origin, 
“Sir William Dawson considered that they represented a very simple 
form allied to Stromatopera.” 

In the British Boundary Commission report * Dr George M. Dawson 
describes these ancient rocks under the caption “ Review of the Section,” 
as follows: 


‘The total thickness of the beds seen in this part of the Rocky mountains must 
be about 4,500 feet, though this can only be regarded as an approximation, as, 
owing to the short time at my disposal, few of the beds were actually measured. 
The entire series, arranged as a continuous section in descending order, is as fol- 
lows: 

H. Fawn-colored flaggy beds, seen only at a distance, but probably composed of 
imagnesian sandstones and limestones. 100 feet. 

G (Kintla formation). Beds characterized by a predominant red color and chiefly 
red sandstone, but including some thin, grayish beds, and magnesian sand- 
stones, the whole generally thin-bedded, though sometimes rather massive. 
Ripple marks, &c. Weathers to asteep rocky talus where exposed in the 
mountain sides, and passes gradually down into the next series. 300 feet. 

F (Sheppard quartzite). Fawn-colored flaggy beds of magnesian sandstone and 
limestone. Some red sandstones occur throughout, but are especially abun- 
dant toward the top. Apparently a continuation upward of the limestone 
D, and only separated from it by the trap overflow. 200 feet. 

EK Amygdaloidal trap; dark colored and hard. 50 to 100 feet. 

D (Siyeh limestone). Compact bluish limestone, somewhat magnesian, and weath- 
ering brownish. This forms some of the boldest crags and peaks of the 
mountains, and apparently rests unconformably on Series C. 1,000 feet. 

© (Grinnell and Appekunny formations). Sandstones, quartzites, and slaty rocks, 
of various tints, but chiefly reddish and greenish gray ; the individual beds 
seldom of great thickness, and the color and texture of approximate beds 
rapidly alternating. In this series occurs a band of bright red rocks, of in- 
constant thickness; also two or more zones of coarse magnesian grit. 2,000 
feet or more. 

B (Uppermost bed of Altyn limestone). Limestone, pale gray, cherty, and highly 
magnesian ; hard, much altered, and weathering white. It includes at least 
one band of coarse magnesian grit like that found in the last series, which 
weathers brown. 200 feet. 

A (Altyn limestone, upper part). Impure dolomite and fine dolomitie quartzites ; 
dark purplish and gray, but weathering bright brown of various shades. 700 


feet or more.” 


*George M. Dawson: British Boundary Commission Report on the Geology and Resources of 
the Region in the Vicinity of the Forty-ninth Parallel, 1875, pp. 67, 68, and Canada Geological Sur- 
vey Report, 1885, p. 39 B et seq. 

+The names used in this report are inserted in brackets after the letter by which Dawson des- 
ignated the corresponding beds, 
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CORRELATION 


As regards thickness of the above described section, Dawson’s figures 
sum up 4,500 feet. Elsewhere * he says: 


“Between the eastern summit of the South Kootanie pass and the Flathead 
river, the minimum estimated thickness of the outcropping Cambrian beds is 
11,000 feet, but the section includes neither the summit nor the base of the series. 
Other sections show a probable thickness of over 5.000 feet for a part of the series, 
but none were found in which its whole volume could be ascertained.”’ 


The writer’s measure of the series which Dawson called Cambrian, 
namely, the Altyn, Appekunny, and Grinnell formations, is 6,700 feet, 
but, adding the Siyeh, Sheppard, and Kintla formations, is 10,700 feet, 
which is an approximation to his estimate of 11,000. The latter three 
formations occur in the section to which Dawson refers, and though he 
elsewhere classed them as Carboniferous and Triassic, they are part of 
the thickness which, in the quoted paragraph, he includes under Cam- 
brian. 

Dawson notes an apparent unconformity between D (the Siyeh lime- 
stone) and C (the Grinnell red beds) He says: 


“Tn the almost vertical side of Sheep mountain the total exposed thickness of 
beds of series C must be about 2,000 feet. ‘These rest directly on the limestone B, 
and are overlain by the limestone series D, the latter resting with evident uncon- 
formity on them. This unconformity is shown very clearly by the existence ofa 
thick belt of bright red rocks, forming part of series C, which is observed to run 
out altogether beneath the upper formation at one end of the mountain.” 


The writer also observed this relation, but he interprets it as due to a 
minor thrust rising from the Lewis major thrust which underlies Sheep 
mountain. The structure was identical in appearance and position with 
others seen traversing the Altyn formation in Yellow mountain (figure 
6, page 335). It is also exceptional in the relations of division C to D, 
which were observed throughout many miles as the conformable contact 
of the Siyeh limestone on the Grinnell argillite. 

About the outlet of Waterton lake, the Cretaceous rocks are deeply 
buried by drift and the outcrop of the Lewis thrust is obscured. The 
unusual superposition of the ancient argillites and limestones on the 
Cretaceous might well escape even so keen an observer as Dawson. He 
did not visit Chief mountain or any other locality where the evidence 
is clear. 

In 1875 Dawson assigned no definite age to the rocks in question. 
In 1885, after more extended experience in the Canadian Rockies, he 
provisionally classified them as follows: 


* Canada Geological Survey, Report 1885, p. 158 B. 
+ Canada Geological Survey, Report 1885, p. 41 B, 
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Probably Triassic or Permo-Triassic............. Divisions F, G, and H. 
Carboniferous and Devonian................. .. Division D. 


The correlation appears to have been made on lithologic resemblances 
and the existence of the supposed unconformity between the red argil- 
lite C and the limestone D. A, B, and C are now known to be Algonkian, 
on fossil evidence. Mention is made by Dawson of the absence of fossils 
from C, but nothing is said about their occurrence or non-occurrence in 
D. Weller’s careful search in the Siyeh limestone (D) showed the pres- 
ence of indistinct remains, as already noted, but it also proved that fos- 
sils are rare and obscure in the formation. If the rock is of Carbonif- 
erous age, it is remarkable that it should not contain some of the larger 
characteristic forms, as the Carboniferous limestone on Yakinikak creek, 
but 26 miles distant, carries an abundant fauna. There is no metamor- 
phic or structural condition affecting the one rather than the other ina 
degree sufficient to explain the difference in faunal content. Moreover, 
the Carboniferous limestone on Yakinikak creek rests unconformably 
on beds of the series of which the Siyeh limestone (D) is apparently a 
conformable formation. 

The writer concludes that the Siyeh limestone is not of Carboniferous 
age, and that there is no evidence to justify its being separated from the 
underlying Algonkian, to which it is conformable and with which it is 
related in the obscure character of its fossils. This conclusion applies 
also to the Sheppard and Kintla formations, which Dawson placed in 
the Permo-Triassic. He could not otherwise refer them, conceiving 
them to overlie the Carboniferous, as they have strong Triassic charac- 
ters; but with the assignment of the Siyeh limestone to the Algonkian, 
they also take a related place in that system. Nevertheless, to give full 
expression to Dawson’s views, the following paragraphs are quoted from 
his report: * 

“South of the line of the Crow Nest pass, the limestone series (Carboniferous) 
is conformably overlain by rocks which are referred to the Triassic or Permo- 
Triassic. In the vicinity of the South Kootanie pass, an interbedded, amygda- 
loidal diabase every where ovcurs at the base of the Triassic rocks. This, though 
classified under a separate letter (E) in the general section of that region (p. 39 B), 
is now known from the occurrence of a similar bed (if not the extension of the 
same one) among the distinctively Triassic rocks of the sammit of the North 
Kootanie pass (p. 60 B) to be more properly ranked as a member of that series. 
The trap flow has a thickness of fifty to one hundred feet, and is overlain near the 
South Kootanie pass by red beds and fawn-colored magnesian sandstones 600 feet 
in thickness. Near the North Kootanie summit it forms part of a similar series 


* Canada Geological Survey, Report 1835, p. 161. 
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CORRELATION 321 


of alternating, flaggy, magnesian sandstones and red sandstones and shaies 2,000 
feet in thickness (p. 60 B). In connection with the red beds, ripple-marked sur- 
faces, mud cracks, and impressions of salt crystals occur, the whole indicating, as 
the conditions of deposition of the rocks, those of a basin eut off from the main 


ocean. 
“With the single doubtful exception of certain red beds, seen from a distance, 


near the summit of the White Man’s pass (p. 115 B), these Triassic rocks are 
entirely confined to the district south of the Crow Nest pass, and, as elsewhere 
more fully shown, we find here probably the northern limit of a great Triassic 
mediterranean sea, which extended far to the southward in the western part of 
the present continental area.”’ 


Altyn limestone.—The lowest member seen of the Algonkian strata is a 
limestone. Its unweathered surfaces are dark grayish blue, and in lith- 
ologic aspect it closely resembles Cambro-Silurian dolomites of the Ap- 
palachian region and the massive limestone of the Eo-Carboniferous. It 
is silicious, but there are no visible quartz grains or other evidences of 
marked mechanical sedimentation. Its stratification is often obscure, 
partly on account of its massive character and even more because of very 
decided deformation, which has resulted in faulting and crushing. Its 
thickness is undeterminable, but probably not less than 800 feet. Suc- 
ceeding this basal member and included with it in the Altyn formation 
are limestones which differ chiefly in that they contain more earthy sedi- 
ment and are very thinly bedded. In consequence of the ferruginous 
clay contained, they are decidedly yellow, brown, and terra-cotta in color. 
They are sometimes separated from the underlying massive limestone by 
a plane, above which they lie flat, while the mass below is greatly dis- 
turbed (see figure 5, page 334). The effect strongly suggests an uncon- 
formable relation between the two, but this is not believed to have been 
the original condition of deposition as they were seen in conformity, 
where not traversed by thrust faults. The thickness of the thin-bedded 
upper member of the Altyn limestone is approximately 600 feet. 

The Altyn limestone occurs typically in the cliffs of Appekunny moun- 
tain, between 6,000 and 7,400 feet above sea, due north of Altyn, in Swift 
Current valley (figure 2, plate 47). The westward dip carries the base 
down to about 4,800 feet west of Altyn, where it forms the ledge over 
which Swift Current falls at the outlet of McDermott lake. Northward 
and eastward from this locality the limestone forms the cliffs that sur- 
round Appekunny, constitutes the mass of Yellow mountain, the north- 
ern slopes of mount Robertson, and the ridge between Kennedy creek 
and Belly river, ending in the tower-like peak of Chief mountain. Be- 
yond the forks of Belly river it was traced northwest into Canada and 
to the narrows of Waterton lake, whence the outcrop trends northward 
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in the base of the Livingston range. Southeastward from Altyn the 
limestone was traced around Point and eastern Flattop mountains to the 
Narrows of upper Saint Mary lake. Thence it forms the base of the 
mountains southward to an unknown distance, but it may be replaced 
by any of the overlying formations, among which it is closely resembled 
by the Siyeh and Carboniferous limestones. 

Appekunny argillite—The Appekunny argillite is a mass of highly 
silicious argillaceous sediment approximately 2,000 feet in thickness. 
Being in general of a dark-gray color, it is very distinct between the 
yellow limestones below and the red argillites above. The mass is very 
thin bedded, the layers varying from a quarter of an inch to two feet in 
thickness. Variation is frequent from greenish-black argillaceous beds 
to those which are reddish and whitish. There are several definite hori- 
zons of whitish quartzite from 15 to 20 feet thick. The strata are fre- 
quently ripple-marked, and occasionally coarse-grained, but nowhere 
conglomeratic. An excellent section of these gray beds is exposed in 
the northeastern spur of Appekunny mountain, from which the name is 
taken, but the strata are so generally bared in the cliffs throughout the 
Lewis and Livingston ranges that they may be examined with equal 
advantage almost anywhere in the mountains. 

The Appekunny argellite occurs everywhere above the Altyn lime- 
stone along the eastern front of the Lewis range from Saint Mary lakes 
to Waterton lake and beyond both northward and southward. It also 
appears at the western base of the Livingston range above Flathead val- 
ley and is there the lowest member of the series seen from Kintla lakes 
southward to McDonald lake. 

Grinnell argillite—A mass of red rocks of predominantly shaly argilla- 
ceous character is termed the Grinnell argillite from its characteristic 
occurrence with a thickness of about 1,800 feet in mount Grinnell. 
These beds are generally ripple-marked, exhibit mud cracks and the 
irregular surfaces of shallow water deposits. They appear to vary consid- 
erably in thickness, the maximum measurement having been obtained 
in the typical locality, while elsewhere to the north and northwest not 
more than 1,000 feet were found. It is possible that more detailed 
stratigraphic study may develop the fact that the Grinnell and Appe- 
kunny argillites are really phases of one great formation, and that the 
line of distinction between them is one diagonal to the stratification, 
The physical characters of the rocks closely resemble those of the Che- 
mung and Catskill of New York, and it is desirable initially to recognize 
the possibility of their having similar interrelations. 

The Grinnell argillite outcrops continuously along the eastern side of 
Lewis range and its spurs, occurring above the Appekunny argillite and 
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GOATHAUNT, LEWIS RANGE 


A spur of mount Cleveland. View is looking northwest and is a typical exposure of Siyeh limestone ; portion 
of elit? in view about 1,200 feet high; base below view descends nearly vertically as far again. Goat trails extend 


across cliff face. 
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dipping under the crest of the range at the heads of the great amphi- 
theaters tributary to Swift Current valley. About the sources of the 
Kennedy creeks it forms the ridge which divides them from Belly river. 
Mount Robertson is a characteristic pyramidal summit composed of 
these red argillites. The formation occurs in its proper stratigraphic 
position between the forks of Belly river and west of that stream in the 
Mount Wilson range of the Canadian geologists, the northernmost ex- 
tremity of the Lewis range; and it dips westward under the valley of 
Little Kootna creek and Waterton lake. On the western side of Living- 
ston range the Grinnell argillite was recognized as a more silicious, less 
conspicuously red or shaly division of the system, occurring about 
upper Kintla lake. 

Siyeh limestone.—Next above the Grinnell argillite is a conspicuous 
formation, the Siyeh limestone, which rests upon the red shales with a- 
sharp plane of distinction, but apparently conformably. The Siyeh is 
in general an exceedingly massive limestone, heavily bedded in courses 
2to 6 feet thick like masonry (see plate 49). Occasionally it assumes 
slabby forms and contains argillaceous layers. It is dark blue or gray- 
ish, weathering buff, and is so jointed as to develop large rectangular 
blocks and cliffs of extraordinary height and steepness. Its thickness, 
as determined in the nearly vertical cliff of mount Siyeh, is about 4,000 
feet. 

This limestone offers certain phases of internal structure which may 
be interpreted as results of conditions of sedimentation or as effects of 
much later deformation. Some layers exhibit calcareous parts sepa- 
rated by thin argillaceous bands, which wind up and down across the 
general bedding and along it in a manner suggestive of the architectural 
ornament known as a fret. It is conceived that the effect might be due 
to concretionary growths in the limestone, either during or after deposi- 
tion, or to horizontal compression of the stratum in which the forms 
occur. Other strata consist of fragments of calcareous rock from minute 
bits up to a few inches in diameter, but always thin, constituting a 
breccia in a crystalline limy cement. Again, other strata consist of alter- 
nating flattish masses of calcareous and ferruginous composition, which 
rest one upon another like cards inclined at angles of 30 to 45 degrees 
to the major bedding. At times the lamination is so minute as to yield 
a kind of limestone schist. These internal structures suggest much 
compression, but the apparent effects are limited by undisturbed bed- 
ding planes, and it is possible that the peculiarities are due to develop- 
ment of concretions and to breaking up of a superficial hard layer on 
the limestone ooze during deposition of the beds. Walcott has de- 
scribed similar structures as intraformational conglomerates. 
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The Siyeh limestone forms the mass of mount Siyeh, at the head of 
Canyon creek, a tributary which enters Swift Current at Altyn from the 
south. It constitutes the upper part of all the principal summits of 
Lewis range north of mount Siyeh, including mounts Gould, Wilbur, 
Merritt, and Cleveland. It extends beyond Waterton lake westward into 
the Livington range and forms the massive peaks between Waterton and 
North Fork drainage lines. Above upper Kintla lake it is sculptured in 
the splendid heights of Kintla peak and the Boundary mountains. 

An exceedingly characteristic and general feature of the Siyeh lime- 
stone is the occurrence of an intrusive sheet of diorite, which is found 
throughout the area examined, with an approximately uniform thick- 
ness of 60 to 100 feet. The dikes by which this sheet was fed traversed 
the formation, following the vertical joint planes with offsets. The con- 
ditions of intrusion appear to have been extraordinarily uniform. The 
rock is described in more detail in the accompanying note by Mr Finlay: 

_ The top of the Siyeh limestone, considered as a lithologic formation 
over that part of the area where it was observed, coincides with an ex- 
trusive igneous sheet, which was clearly erupted prior to the deposition 
of the succeeding strata, and exhibits the ropy flow structures incident 
to flow and cooling at the surface. The rock is of a rhyolitic nature. 

Sheppard quartzite—A distinctly sandy phase of deposition succeeding 
the extrusive rhyolitic eruption has resulted in a quartzite which is very 
roughly estimated to have a thickness of 700 feet. It forms the crest 
of Lewis range in the vicinity of mount Cleveland and Sheppard glacier 
between Belly river and Flattop mountain. It has not been studied in 
detail, but is recognized as a distinct division of the series. 

Kintla argillite—The highest beds of the ancient sequence of strata 
found in this part of the range are deep red argillaceous quartzites and 
silicious shales, with marked white quartzites and occasional calcareous 
beds. They are named the Kintla formation from their occurrence in 
mountains on the 49th parallel, northeast of Upper Kintla lake. They 
also form conspicuous peaks west of Little Kootna creek. The Kintla 
formation closely resembles the Grinnell, and represents a recurrence of 
conditions favorable to deposition of extremely muddy, ferruginous 
sediment. The presence of casts of salt crystals is apparently significant 
of aridity, as the red character is of subaerial oxidation. The formation 
has an observed thickness of 800 feet, but no overlying rocks were found. 
Its total thickness is not known, and the series remains incomplete. 


CARBONIFEROUS—YAKINIKAK LIMESTONE 


[t having been determined by the work of McConnell and Dawson to 
the north and by that of Weed and Walcott to the south that the main 
range of the Rockies carries a great thickness of Carboniferous lime- 
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YAKINIKAK LIMESTONE 325 
stone, it was assumed that strata of that age would be found in the sec- 
tion near the 49th parallel, but in the Lewis and Livingston ranges 
nothing which could be referred to the Carboniferous system was ob- 
served. Dawson’s correlation of the Siyeh limestone as Carboniferous 
has already been discussed. On crossing the Flathead valley, however, 
to the Galton range, which lies between North fork of the Flathead and 
Kootenai rivers, a small area of limestone was encountered in Yakinikak 
valley. The rock is a light gray and dark blue limestone about 100 feet 
thick, distinctly bedded, commonly crystalline, occasionally oolitic. 
Some fractures have a black, speckled appearance due to dark cleavage 
faces on calcite crystals. It is without upper stratigraphic limit, but 
rests conformably on a quartzite, which is unconformable on Algonkian 
strata. The quartzite is about 25 feet thick, and it and the limestone lie 
in a nearly horizontal position. The name Yakinikak is here applied to 
the limestone, exclusive of the quartzite, which may elsewhere develop 
independent importance. 

The Yakinikak limestone contains numerous fossils of the Saint Louis 
horizon of the Mississippian series, and was fully identified by Weller as 
identical in lithologic character and faunal content with that formation 
in the Mississippi valley. Its occurrence on Yakinikak creek is appar- 
ently due to down-faulting, as it lies at a comparatively low level among 
mountains composed of the Algonkian argillites. Its presence in this 
locality, taken in connection with other occurrences north and south, 
may be considered evidence of the former extension of the upper Missis- 
sippian limestone over the entire region. The absence of the earlier Mis- 
sissippian strata is significant of an unusual overlap. 

In the course of a report of explorations in 1901 * for coal on Wigwam 
river Mr W. W. Leach, of the Canadian Survey, refers to the ‘“ Devono- 
Carboniferous limestones of the MacDonald range, a high and extremely 
rugged group of mountains which forms the divide between Wigwam 
and Flathead rivers.” The Yakinikak limestone lies at the southern 
extremity of the MacDonald range, which may be said to die out at the 
49th parallel, and it is probable that its fossiliferous strata make up the 
heights farther north. It is also possible that it rests on Siyeh lime- 
stone, in which case the break between the two would not be readily 
recognized, as the rocks are very similar and the angular difference of 
dip is slight. 

TRIASSIC 


Dawson’s report for 1885 and the accompanying map represent cer- 
tain rocks of the Livingston range near the South Kootanie pass as Tri- 


*Summary Report, Geological Survey Department of Canada, 1901, p. 72. 
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assic. The validity of the correlation has been discussed. The evidence 
indicates that the strata are probably Algonkian. 


CRETACEOUS 


General note.-—Cretaceous strata are but poorly exposed along the east- 
ern base of Lewis range, although they form the subterrane beneath 
hundreds of square miles of the plains. The mantle of drift is wide- 
spread and often thick, and outcrops of rock in place are limited to occa- 
sional freshly scoured gullies or ledges of sandstone along hilltops. Such 
outcrops were noted, however, in traversing the plains from Cutbank 
river to Saint Mary lake, and others were found about the mountain 
slopes west of Saint Mary lakes, up Swift Current valley, on Kennedy 
creek, about Chief mountain, and on Belly river. Weller collected 
fossils sufficient to determine three horizons, namely, Dakota, Benton, 
and Laramie, and through the light thrown by fossils on their relations 
these occasional Cretaceous outcrops become interesting as elements of 
a structure which they do not suffice to make clear. Their distribution 
is such that the Dakota and Benton, while occupying normal relations 
one to another, are apparently above the Laramie. The significance of 
this from the point of view of structure is discussed under that head. 

No occurrences of rocks of Cretaceous age were observed west of the 
Front range of the Rockies, and it is probable that there are none south 
of the Crow Nest coalfields. 

Dakota. —Arenaceous and argillaceous shales and sandstones of Da- 
kota age occur on North fork of Kennedy creek near its junction with 
South fork, 53 miles east by south from Chief mountain, at an elevation 
of 4,800 feet. The exposures constitute a bluff 30 feet high, near the top 
of which are layers bearing fossil plants and freshwater shells. A col- 
lection of leaves, though badly broken up in transit, was examined by 
Mr Knowlton, who reports Ficus proteoides ? Lesq., Magnolia boulayana 
Lesq., Liquidamba integrifolius Lesq., Liquidamba obtusilobatum Lesq. 
Diospyro rotundifolia Lesq., Phyllites rhomboideus Lesq. ‘“‘ The above spe- 
cies, says Knowlton, “are all characteristic Dakota Group forms, and 
the beds at this locality are referred without hesitation to this age.” 
The strike of these Dakota strata is nearly north and south and they dip 
at a low angle, 0-10 degrees, westward. 

Benton.—Dark bluish black to leaden gray shales constitute the mass 
of Cretaceous rocks west of Saint Mary lakes. With them are associated 
thin beds of limestone and ferruginous sandstone. Weller’s collections 
from outcrops north of lower Sherburne lake in Swift Current valley, and 
from southern slopes of Chief mountain, were submitted to Mr Stanton, 
who identifies Znoceramus lubiatus Schlotheim, Prionotropis sp., Ostrea con- 
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gesta Conrad ?, Cumptonectes sp. Scaphites ventricosus Meek and Hayden, 
Anomia sp., Tellina sp. Among these the Jnoceramus, Prionotropis, and 
Scaphites are classed as characteristic Benton forms. 

The topographic relations of the Dakota outcrop on Kennedy creek 
and the highest Benton outcrops under Chief mountain are such that if 
the beds were scrictly horizontal the thickness of Cretaceous rocks would 
be 2,700 feet. As there is a slight dip from the former beneath the latter, 
this may be increased to 3,500 feet or more. It is, however, possible that 
the overthrusts which traverse the Algonkian are paralleled by others in 
the apparently undisturbed Cretaceous beds, and, if so, no estimate of 
thickness can be based on the meager data now available. 

Just northeast of the northern end of Lower Saint Mary lake Weller 
collected from a gray sandstone and according to Stanton’s determina- 
tion obtained Jnoceramus sp., possibly young of J. labiatus, Mactra em- 
monsi Meek? Tellina modesta Meek, Donax cuneata Stanton, Corbula sp., 
Turritella sp., and Lunatia sp. Of these Stanton says: 


“Although the evidence of these fossils is not absolutely conclusive as to the ho- 
rizon, it is probable that they are from the Benton or at least from some horizon 
within the Colorado group.” 


Laramie—Ten miles east of Lower Saint Mary lake, on the Middle 
fork of Milk river, occur outcrops of thin-bedded and cross-bedded gray 
sandstone and arenaceous shale. Some of the layers contain scattered 
and fragmentary plant remains. Others are barren of fossils. Certain 
ones are composed of oyster shells. In a section measuring 70 feet 
Weller found five oyster beds, from which he collected Ostrea glabra 
Meek and Hayden, Corbicula occidentalis Meek and Hayden, and small 
specimens of an undetermined Melania, which may be the young of JV. 
wyomingensis Meek. The Ostrea of the highest stratum is said by Stanton 
to approach more nearly to O. subtrigonalis Evans and Shumard. These 
are all classed as belonging to the Laramie fauna. 


TERTIARY LAKE BEDS OF NORTH FORK 


On the North fork of the Flathead there are, as already stated, bluffs 
of clay with interbedded sandstones and lignites, in which no fossils 
were found. Details of constitution are summarized in the tabular state- 
ment of formations. The materials, degree of induration, and the lig- 
nitic condition of the carbonaceous deposits serve to indicate that they 
may be of Miocene or Pliocene age, as are beds near Missoula, which 
they resemble. These deposits are called lake beds because they are 
very distinctly and evenly stratified. They consist of fine sediment, 
such as would settle from quiet water only, and they occur in a valley of 
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such moderate width between mountains of such height that no simple 
condition of alluvial accumulation seems appropriate. It is possible 
that the lake was at times shallow like a flooded river. It is probable 
that it was some time reduced to the proportions of a river. It is cer- 
tain that during considerable intervals some areas were marshes; but, 
admitting that a lake may pass through various phases of depth and 
extent, the term lake beds best describes these deposits. 


PLEISTOCENE (?)—KENNEDY GRAVELS 


The typical occurrence of Kennedy gravels is illustrated in figure 2, 
plate 51. There one may note the size and form of the constituent boul- 
ders and pebbles, the incoherent water-washed nature of the gravel 
shown by the slopes, the level top which falls into the horizon line of 
the Plains, and the elevated position of the gravel mass. This gravel 
mesa lies just 5 miles east of the top of Chief mountain, north of and 
900 feet above North Fork of Kennedy creek. It is isolated, and equaled 
in height among the outlying hills only by a ridge of Cretaceous sand- 
stone about 100 feet higher and two miles west of it. The gravel rests 
on Benton shales, which give rise to many landslides. The Kennedy 
deposit at this point is something more than 100 feet thick, but its base 
cannot be accurately placed. 

Mr Finlay examined this gravel with care, and the following data are 
compiled from his notes. The gravel composing the mesa is well 
rounded or subangular. No striated stones were observed. Boulders 
two feet across occur, but are rare. Others from 6 to 12 inches in diam- 
eter are common. Finer gravel and gravelly soil make up the mass. 
Of the constituent rocks, limestone and quartzite are most abundant; 
green argillite forms about 10 per cent; red shale is rarer; Cretaceous 
sandstone more common. ‘The intrusive diorite of the Siyeh formation 
is not represented. The gravel deposit is obscurely stratified. 

Comparing these notes with Mr Finlay’s observations on glacial drift. 
which covers the slopes 300 to 400 feet below the mesa summit and 
thence to the creek, it appears that the Kennedy gravels and the drift 
are alike in being composed of local Algonkian and Cretaceous mate- 
rials, but differ in that the drift includes many striated stones, and also 
boulders of diorite from the intrusive sheet in the Siyeh formation. The 
latter rock does not extend in place into the watershed of North Fork of 
Kennedy. Boulders of diorite presumably entered the drift in the lower 
part of that valley by a course on or in the ice when it was confluent 
with that from Swift Current valley. That the Kennedy formation does 
not contain diorite boulders is a point in favor of its purely local origin. 

The constituent materials, the forms of the boulders and pebbles, the 
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KENNEDY GRAVELS 329 
obscure stratification, the topographic form, and the position of the 
mesa, all characterize this occurrence as a remnant of an alluvial cone of 
Kennedy creek. No earlier record has been detected in the history of 
that stream. Since that date, however, the valley has been cut down 
900 feet, a glacial epoch has intervened, and the channel has recently 
been reéxcavated and sunk deeper in the subterrane. 

Certain tabular drift surfaces between Swift Current and South Ken- 
nedy creeks and on the northern slope of Yellow mountain are probably 
not of the Kennedy formation, but are outwash plains beyond moraines. 
Gravel mesas, that are correlative with the Kennedy and may be included 
under the formation name, occur in Canada, one lying 6 to 8 miles north 
by west from Chief mountain and east of Belly river; another, a group 
of three hills, occurring east of léwer Waterton lake, a few miles north 
of the boundary (figure 2). The basis of correlation in these two cases 
is general form, altitude, and constitution of the masses, which were not, 
however, examined in detail. 


Frieure 2.—Sketch of northern End of Lewis Range. 


Showing flat topped foothills of the Kennedy formation standing above terraces of valley drift. 
Looking east near the outlet of Waterton lake, Alberta, down Pass creek. 


Gravels are widely spread on the highest tables of the Plains north of 
Cutbank river and between the forks of Milk river. Their position sug- 
gests a correlation with the Kennedy formation. On the other hand, the 
gravels of the Plains are composed chiefly of quartzite and presumably 
have lost the more soluble constituents, which still oceur in the Ken- 
nedy formation. From this distinction, greater antiquity may be argued 
for the high level gravels of the Plains. Salisbury, in summarizing the 
results of Calhoun’s observations in 1901 in this region, says : * 


“The high-level quartzite gravels on the plains east of the mountains are be- 
lieved to be deposits made by streams at the close of the first epoch of baseleveling 
recorded in the present topography.’ 


If this belief be confirmed, the high-level gravels of the Plains and 
the Kennedy formation are alike in genesis and derivation from the 
lewis range. They may, nevertheless, belong to widely different stages 


* Journal of Ge ‘ave University of Chicago, January, 1902, 


XLIX—Butn. Gaon. Soc. Am, Vou. 13, 1901 
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of uplift and erosion. The characteristics of the gravels and the phys- 
iographic record of the mountains may decide the relation on closer 


study. 
STRUCTURE 


GENERAL STATEMENT 


The structural geology of the region comprises three dominant facts, 
to which all other phenomena are incidental. These facts are, first, the 
synclinal structure of the Front ranges; second, the superposition of 
Algonkian strata on Cretaceous in consequence of an overthrust fault, 
and, third, a normal fault which probably separates the mass of the Liv- 
ingston range from the equivalent rocks beneath the Flathead valley. 


SYNCLINE OF THE FRONT RANGES 


General features.—The strata herein described as Algonkian, from the 
Altyn limestone at the base to the Kintla argillite at the top, are flexed 
in a shallow basin. Throughout the eastern, the Lewis range, the strata 
dip gently southwestward. The amount of dip varies from 5 degrees or 
less to 30 degrees. Throughout the western, the Livingston range, the 
strata dip northeastward, usually at angles between 50 and 40 degrees, 
Thus each crest is a limit of the syn- 
cline, and the intervening valley fol- 
lows the synclinal axis with a trend 
of north 25 degrees west. The struct- 
Figure 3.— Mounts Heavens and Stanton, looking ure is of large proportions. The beds 

south from Trapper Peak. involved in the flexure are at least 

Showing the steepest northeastern dip ob- 10,000 feet thick. The width of the 

served. 

syncline is 8 miles near the top of the 

Siyeh formation, which forms the conspicuous elevated rims, and in the 

Appekunny argillite, the lowest bed which appears on both sides, it may 

be measured at 20 miles. The structure is exceedingly simple (figures 1, 

plates 50 and 51, in panorama, and section 5, plate 53). In broad views 
irregularities of dip are scarcely noticeable. 

Details of local folds—The Grinnell red beds locally exhibit internal 
folds a few yards in dimensions, representing movements within the soft 
mass of argillites. In a peak known as mount Stanton, southwest of 
mount Heavens, on the western margin of the syncline, gray argillites 
of the Appekunny formation stand vertically, and are even overturned. 
(See figure 3.) Again, east of the head of lower Logging Creek lake 
and about 2,000 feet above it, cliffs of this argillite exhibit marked 
cleavage, which traverses the bedding at an angle of 20 degrees. The 
local strike of bedding is north 55 degrees west; dip, 20 degrees south- 
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Ficure 1.—Panorama rrom Swirr Current Pass, Lewis Rance 
Looking south by east. East half from Gould on left to Stimpson and Blackfoot far off on right. Foreground 
of old valley floor continued in plate 51 Lool 
| 
| 
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Fievre 2.—Uerer Lake anp Bounpary Mountains, Livinaston Rance 


Looking due west from International summit on Continental divide. Foreground on extrusive diabase under 
lying Knitla argillite ; distant peak, Siyeh limestone ; remote hills, Galton range. Lookin, 


PANORAMA FROM SWIFT CURRENT PASS AND VIEW IN LIVINGSTON RANGE 
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Figure 1.—PanoramMa rrom Swirr Current Pass, Lewis Ranee 


Looking south by east. West half from Reynolds on left to McDonald valley on right. Oblique joint plains 


are noticeable. Foreground shows canyon of Mineral creek in old valley floor. Continued in plate 50 


Fieure 2.—Easrern Foornitis or Cuter Mounrain 


Looking east toGreat Plains. Typical occurrence of Kennedy high level gravels, 900 feet above Kennedy creek 


PANORAMA FROM SWIFT CURRENT PASS AND FOOTHILLS OF CHIEF MOUNTAIN 
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Ficune 1.—Cuirer Mountrais, Lewis Rance 
Looking east along Chief Mountain ridge. Aa = Algonkian—Altyn limestone; Ab = Cretaceous—Benton shale, 
Upper part Chief Mountain shows upper member Altyn formation 


Fieure 2,—Currs at Norruern Base or Cuter Mountain 


Looking southeast. Aa = Algonkian—Altyn limestone; Ab = Cretaceous —Benton shale. Limestone exhibits 


vertical sliekenfaces with horizontal motion and in general chaotic fracture 


CHIEF MOUNTAIN, LEWIS RANGE 
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west, and that of cleavage north 45 degrees west; dip, 40 degrees south- 
west. The structures in mount Stanton and above Logging Creek lake 
are exceptional. Of a different type is a broad flexure, an anticlinal 
swell within the syncline. The axis passes through mount Cleveland 
(elevation, 10,438, the highest in the Lewis range), and thence south 30 
degrees east through mount Merritt and mount Wilbur, where the fold 
dies out. It is noteworthy that the axis carries the major heights of the 
range. It isa very gentle rise of the strata, usually marked by opposing 
dips of 5 degrees or less; but in mount Cleveland the northeasterly dip 
becomes as much as 10 degrees. Between mount Cleveland and Belly 
river the westerly opposing dip is 20 to 35 degrees. 


LIVINGSTON ANTICLINE 


The western limit of the Front Ranges syncline is an anticlinal axis, 
which may be traced just west of the summit of Livingston range in 
spurs jutting out between Camas and Logging creeks. It is indicated 
by southwest dips of 5 to 20 degrees, and thus appears to maintain the 
comparatively gentle inclination of strata observed in the Lewis range 
in the same direction. Between the high spurs the axis is buried be- 
neath drift which fills the valleys,and northwest from Logging creek no 
instance of southwesterly dip was observed. Conditions of normal fault- 
ing and erosion appear to have resulted in removal of the western limb 
above drainage lines throughout much of the range. 


LEWIS OVERTHRUST 


Character and extent.—The simple structure of the Algonkian series 
overlies a great dislocation. Along the eastern front of the Lewis range 
Altyn limestone rests upon Cretaceous rocks. This inverted relation 
was noted from Saint Mary lakes to Waterton lake, a distance of 28 
wiles in a straight line northwest, and across the general trend the con- 
tact was observed to have a width of 5 to7 miles. The outcrop of Altyn 
limestone over Cretaceous was observed in a sinuous course, as shown on 
the map (plate 48 and also figure 4), from Single Shot around the val- 
leys of Swift Current and Kennedy creeks, around the promontories of 
Appekunny, Yellow, and Chief mountains, past the forks of Belly river 
and into Canada. The surface of contact was actually seen only beneath 
Chief mountain, but its position was determined within 20 feet or less at 
several points. Each series near the contact has yielded fossils, which 
afford conclusive evidence that in age they are separated by all of Paleo- 
wic and most of Mesozoic time, and that the older ison top. This rela- 
tion is interpreted as an overthrust (figures 1 and 2, plate 52). A sim- 
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ilar structure has been described by McConnell for the same range in, 
latitude 51 degrees.* 

Warped thrust surface-—The strike and dip of the thrust plane can not 
be measured directly, but by graphic construction they may be deter- 
mined for any triangular area provided the relative heights and hori- 
zontal positions of its three corners are known. The topographic map 
gives these facts within fairly satisfactory limits, and the results are 
given in figure 4 for five areas between Flattop and Chief mountains. 
They show that the strike varies from 
north 15 degrees 30 minutes west to 
north, and then to north 59 degrees 
west, and the dip ranges from 3 de- 
grees to 7 degrees 45 minutes.t In 
these solutions any such area, as that 
of the triangle Flattop, Swift Current, 
Appekunny, is considered a plane, 
which is assumed to coincide with 
the fault surface. It was observed in 
the field that the fault surface was 
curved in cross-sections in the diree- 
tion of the dip, the dips being ex- 
ceedingly low, if not truly zero, under 
East Flattop, Yellow mountain, and 
Chief, but being also as steep as 10 
degrees or more where the overthrust 
approaches the falls of Swift Current, 
South Kennedy and North Kennedy 
creeks. The differences of strike in 
different segments also show that it 
is a warped surface. Thus the mathe- 


Ficure 4.—Diagram of Strikes and Dips of Planes | 1 t f li 
‘ » P 
Subtending Areas of the Lewis Thrust. matical determinations of ¢ Ip ane 


strike are averages, true only of 
planes which subtend curved surfaces. They nevertheless give valuable 
indications of the form of the warped surface. 

So far as the figures go, they show that the strike of the fault surface 
makes northerly and westerly in a step-like manner, which corresponds 
to the offset of the mountains about Chief. The prominence and isola- 
tion of Chief mountain is in large measure due to the fact that its mass 
forms the northeastern corner of this offset. West of Chief the strike 


* Canada Geol. and Nat. History Survey, Report 1886, Part II. 
+The method of reaching these results is by solution of the simple problem of descriptive ge 


ometry: Given the horizontal and vertical projections of three points, to find the horizontal trace 


and the inclination of their plane, 
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trends more strongly westward, according to field observations of its po- 
sition at the forks of Belly, and again more northerly along the western 
slope of Belly valley. About the northern end of the Lewis range, in 
Canada (the Wilson range of Dawson), the strike is thought to be to the 
westward again. From Waterton lake the outcrop of the fault surface 
follows the base of the mountains northwestward, and the strike approx- 
imately coincides with this direction. According to these observations, 
the relation of the Lewis and Livingston ranges, en echelon at the 49th 
parallel, is an effect of step-like though very gentle flexure in the fault 
surface of the Lewis thrust. 

As to the origin of the flexures in the Lewis thrust surface, several hy- 
potheses suggest themselves. They may be original—that is, the surface 
may never have been plane. They may have been developed during or 
after the episode of thrusting movement. They may or may not coin- 
cide with flexures of the Algonkian strata; and if coincident as to axes 
they may not equal the structure of the Algonkian in degree of flexure. 
Only close studies of the relations with the aid of the complete topo- 
graphic map will answer the questions thus raised. 

Structure beneath the thrust surface—The structure of Cretaceous strata 
beneath the Lewis thrust was not connectedly observed. The rocks are 
commonly covered with drift of talus, and they are much disturbed super- 
ficially by landslides, to which the Benton shales give rise. Out of per- 
haps twenty reliable observations of dip, distributed over the entire ‘area 
of Cretaceous subterrane, nine-tenths are to the southwest and vary from 
adegree to 25 degrees. In the field the monoclinal southwestern dip 
was taken to bea simple structure. From the determinations of Stanton 
and Knowlton, however, it follows that in this supposed monocline the 
younger, Laramie, strata underlie the older Benton and Dakota. Such 
an apparent relation might result (a) from the existence of eastward dips 
ilong Saint Mary valley, west of Maine, or (6) from an overthrust of 
Dakota and Benton on Laramie, parallel to and beneath the Lewis thrust. 
Iwo and a half miles southwest of Maine ridges of Cretaceous sandstone, 
probably Dakota, exhibit an anticlinal attitude, which may represent an 
important axis or a local incident. The thickness of the strata and more 
precise dips must be observed before either of the above possible sug- 
gestions can be confirmed or excluded. 

Structure above the thrust surface.—The detailed structure of the Algon- 
tian mass above the Lewis overthrust is sometimes chaotic when con- 
dered fn the small, yet simple when observed in the large. The cha- 
itic structure is best exhibited in Chief mountain, where the lower 
massive member of the Altyn limestone is crushed (see figure 2, plate 52, 
ind figure 5). The fractures divide the masses irregularly into blocks 
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of all angular shapes varying from a few inches to 25 feet on a side. 
The surfaces are slickened over wide areas, and where they preserve 
their orientation in the cliffs the slickens demonstrate much relative 
horizontal displacement of adjacent fragments. Certain fracture planes 
are in fact steep fault surfaces along which displacement has occurred 
in the direction of the strike rather than in that of the dip. Such faults 
are, however, without apparent system. In other places, as north of 
Altyn, the cliffs present mural faces traversed by remarkably regular 
lines of bedding which are crossed by nearly vertical joints (see figure 2, 


plate 47). 


Viewed in the large, the structure of the Altyn limestone sometimes is 
that of major and minor thrust faults. Yellow mountain, as seen from 


Upper member, Altyn formation. 


Lower member, minor thrusts. 


Lewis thrust 


Fieurr 5.—Chief Mountain, looking north, 


and the undisturbed upper member of the Altyn formation. 


Chief Mountain ridge, exhibits these relations very clearly (see figure 6). 
The basal major thrust lies at the foot of the cliffs, somewhat obscured 
by talus, but sloping about 8 degrees in a curve which on the left is less 
inclined and descends more rapidly to the right. Springing from it are 
several minor thrusts, which dip more steeply and which upward pass 
out either into the air or into an upper major thrust. The upper major 
thrust is at the base of argillites which dip gently and without appreci- 


able disturbance to the southwest. It simulates an unconformity. 


In Chief mountain a similar structure is more strikingly exhibited (see 
The base of massive Altyn limestone is traversed by minor 


figure 5). 
thrusts which are often subparallel ito the bedding, so far as it can be 
These thrusts dip 30 degrees and occupy a zone about 1,000 


made out. 
They are limited above by an 


feet thick above the Lewis major thrust. 


N 


Showing the zone of minor thrusts in massive limestone between the Lewis thrust at the base 
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upper major thrust which is at the base of nearly horizontal thin-bedded 
limestones, constituting the upper member of the Altyn formation. 

The thickness of strata within which major and minor thrusts are 
developed is by no means constant. As stated, near Altyn the lowest 
beds of Altyn limestone present mural regularity of structure, whereas 
in Yellow mountain probably not more than 500 feet of strata are so 
repeated as to pile up 2,400 feet high. West of Waterton lake, in the 
section seen by Dawson, the effects of minor thrusting are still greater ; 
but, though the resulting pile of overthrust segments be great, the maxi- 
mum thickness of strata involved is probably less than 1,000 feet. 

Above the zone of minor thrusting as limited by the upper major 
thrust the strata are not notably dislocated, if at all, on planes of over- 


Fioure 6.—Structure of Yellow Mountain, drawn from photograph from Chief Mountain, looking southeast. 


AA, upper major thrust under Appekunny argillite. AB, minor thrusts traversing and repeating 
Altyn limestone, miner folding and faulting omitted. BB, Lewisthrust. Ab, Cretaceous-Benton, 
much covered by talus. 


thrusting. Nevertheless, it is important to state, as bearing on the dis- 
tribution of that stress which produced the thrusts, the fact that dividing 
planes which are parallel to the Lewis overthrust traverse the higher 
Algonkian strata in the heart of the syncline. The appearance of these 
planes, which may be called X planes, is given in photographs from near 
Swift Current pass looking southwest (figures 1, plates 50 and 51). They 
were also sketched from Trapper peak looking south. In both cases they 
appeared as elements of the profile’ or as snow-covered benches on the 
faces of the cliffs. They cross the stratification, indifferent to the direction 
of dip. With the field glass no displacement along them could be made 
out. Nevertheless, whether the strain exceeded the limit of rupture or 
not. it follows from the parallelism of the X planes and the Lewis over- 
thrust that the stress which produced the system was effective through- 
out the mass. Between the highest X planes in mount Reynolds, in the 
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upper part of the Siyeh limestone, and the Altyn limestone at the Lewis 
thrust the thickness of strata is something more than 8,000 feet. 


STRUCTURAL ANTECEDENTS OF LEWIS THRUST 


Explanation.—By structural antecedent the writer means those earlier 
relations of rock masses from which an existing structure has developed. 
Thus an overturned anticline is one usual antecedent of an Appalachian 
thrust fault. The Lewis overthrust is a result of conditions which can 
now be stated hypothetically only, but which so stated may aid future 
investigation to a truer understanding. To this end the following 
hypothesis of its antecedent phases is presented : 

Assumptions.—Certain general assumptions may first be stated. The 
surface of the overthrust is essentially parallel to the bedding of the 
Algonkian series, and in this particular district to the Altyn formation, 
where the latter has not been dislocated by minor thrusts. This appar- 
ently is true not only of the segments of thrust surface beneath eastern 
Flattop, Yellow, and Chief mountains, but also of the more deeply 
buried portion which appears to dip down with the Algonkian strata 
into the syncline. While observation is not complete, it may be assumed 
on a basis of fact that thrust surface and bedding are nearly parallel over 
extensive areas. 

As regards structure of the Cretaceous rocks, it is not found that.the 
thrust surface coincides with their bedding or any other internal feature 
of their mass. But, with reference to physiographic features, it was ob- 
served that the thrust plane was apparently continuous with the highest 
peneplain of the Plains—that is, with the Blackfoot plain, the peneplain 
which is cut on the upturned edges of the Cretaceous strata. As illus- 
trating this relation, figure 1, plate 47, may be described. On the right 
is East Flattop mountain, as it appears when one is looking south 
across Swift Current valley. It is composed of Algonkian strata, in 
which a white quartzite shows the nearly horizontal attitude. At the 
base of the cliff, just above the tree-covered slope, is the position of the 
Lewis overthrust. The wooded slope consists of Benton shales, exten- 

sively covered by drift. On the left is Saint Mary ridge, the even crest 
of which is somewhat built up as a lateral moraine of Saint Mary glacier, 
but which from this point of view corresponds closely with the profile 
of the old peneplain. That plain is strongly represented in Milk River 
ridge, 12 miles east of the brow of Flattop mountain. Its gentle rise 
westward, about 100 feet to the mile, carries it into the thrust surface 
beneath Flattop. 

This relation of the thrust surface to the peneplain is one of critical 
importance as a means of determining the antecedents of the Lewis 
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thrust, and it is important to verify or disprove it by more extended 
observations. So far as detailed topographic data are available south 
of the 49th parallel, they show that the peneplain must rise mate- 
rially toward the mountains to cross Saint Mary valley at a height suffi- 
cient to meet the thrust surface, and this being so, the eastward slope of 
the plain and the westward dip of the thrust would occupy anticlinal 
attitudes, one to the other. It would follow also that the peneplain 
must be warped, as is the thrust surface, since the elevations possibly 
common to both are unlike in Flattop, Yellow, and Chief mountains. 
In general, however, it is true from Divide mountain to Waterton lake 
that the peneplain may be seen constantly to run into the foot of the 
difis which mark the base of the known Algonkian. Before the over- 
thrust was worked out, the writer observed this peculiar position of the 
peneplain as one bearing on the physiographic history and presenting 
difficulties. These difficulties lay in the problem of the relative ages of 
the topographic features of the plains and those of the mountains. Flat- 
top presents some interesting facts in this connection. 

The summit of Flattop is broad, gently sloping, long past maturity in 
topographic phase. It bears no erratics, stris, or other signs of glacia- 
tion. The rocks of the summit are quartzitic argillites, which are ex- 
ceedingly resistant to erosion as compared with any rocks on the Plains. 
The topography of the summit is unsympathetic to its environment and 
it lies 1,200 to 1,800 feet above the position of the peneplain if the latter 
be extended to the base of the cliffs. It follows that this past miature 
topography on hard rocks could not have developed in its present alti- 
tude above the plains. Either the surface of the Plains was higher and 
has been lowered by erosion, or the summit of Flattop was lower and 
has been elevated by thrust. 

If they formerly presented a topographic surface near the level of 
Flattop’s summit hills, the Plains have been degraded 1,200 feet, while 
Flattop survived as a residual height. The Blackfoot plain on the Cre- 
taceous rocks is so extensive and so completely planed as to indicate 
along epoch of erosion, and it seems improbable that Flattop could 
have retained any part of its ancient summit hills, were they indeed 
relatively so old. 

On the other hand, the summit of Flattop is of that topographic form 
which would be reached by the harder rocks during the development of 
the Blackfoot plain on the softer ones. The mass of Flattop rests upon 
the inclined thrust plane, on which it has been pushed forward at least 
Tmiles. These relations strongly suggest that the summit of Flattop, 
once nearly as low as the peneplain, has been pushed upward as well as 
forward on the incline. 


Geo, Soc. Am., 13, 1901 
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On the evidence presented in the preceding paragraphs it is assume@ 
that the Lewis thrust plane and the Blackfoot peneplain are one, ag 
least as far as the former is now traceable beneath the eastern spurs of 
the Lewis range. 

To these assumptions may be added another based on broad observa 
tions of stratigraphy and structure, namely, that a structural effect of the 
first magnitude in sedimentary rocks was originally conditioned by cir 
cumstances of deposition. This thesis was considered at some length in 
Mechanics of Appalachian Structure * and in an article by Hayes and 
the writer.t 

The three fundamental assumptions thus are: (a) The thrust surface 
coincides essentially with the bedding of the Algonkian series. (6) If 
coincides essentially with the highest peneplain on the Cretaceous rocks, 
(c) The antecedent structures of the Lewis thrust were determined by 
conditions of deposition. 

These assumptions being premised, the development of the several 
stages may most readily be stated in proper order, from ancient to mode 
ern, and in simple assertive style. It may be understood that the writer 
is conscious of the unproved character of some of the points. 

Antecedents by deposition.—The first stage considered is that of Creta 
ceous deposition (see section 1, plate 53). The Dakota epoch of the 
Cretaceous period was one of wide invasion of the sea westward and 
northwestward. The deposits in this region contain freshwater shells, 
and may be considered as having formed in estuaries or lagoons. They 
are succeeded by marine deposits (Benton), which may be followed by 
other formations of the Cretaceous system, but of these only the Laramié 
is identified. Dawson } gives a section of 8,290 feet of Cretaceous in the 
foothills of the Rocky mountains. We have reason to think there are 
more than 3,500 feet of Dakota and Benton under Chief mountain. The 
surface beneath the Dakota formation was a plane; primarily a pene 
plain ; subsequently a surface of marine planation. It sloped gently 
eastward, and was practically flat in its early history. As it subsided 
and was buried under marine deposits, it was no longer flat, but curved 
in gentle flexures, according to any inequalities of subsidence (seé 
section 2, plate 53). Variations in thickness of strata are among thé 
evidences of unequal subsidence, and had we good measures of the Cre 
taceous strata, we might demonstrate a point of first importance in thé 
hypothesis. As it is, we must rely on the special case of a shore. As 
Cretaceons rocks do not occur west t of the Lewis range in the region 


* Thirteenth Ansenl Report U.S. Geol. Survey, p. 253 et seq. 

tAmerican Journal of Science, Third Series, vol. xlvi, pp. 257-268, Conditions of Appalachiaa 
Faulting. 

{ Canada Geol, Survey, Report 1885, p, 166 B, 
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under discussion, it is probable that the Dakota-Benton sea did not ex- 
tend many miles west of the present limit of the Plains in this latitude. 
Ashore established on a flat surface and remaining nearly fixed during 
an episode of deposition in an adjacent zone is a line between an area of 
subsidence and one of uplift. The case is one of markedly unequal 
subsidence, the movement being on the one side plus, on the other 
minus. The sequence of changes is shown in sections 1 and 2, plate 
53. Section 1 represents the condition during the Dakota invasion. 
Section 2 shows the effects of subsidence and uplift incident to deposi- 
tion of 4,000 feet of Dakota and Benton sediments. The drawings are 
to natural scale. 

The surface on which Dakota sediments gathered probably consisted 
of Carboniferous and Algonkian rocks. ‘The observed angular uncon- 
formity beneath the Carboniferous is slight. ‘The present deformation of 
the Algonkian is apparently attributable altogether to post-Cretaceous 
movements. It is assumed that the Algonkian strata were essentially 
flat in Dakota time and were bent in consequence of the subsidence 
which occurred during Benton time. These assumptions also are shown 
in sections 1 and 2, plate 53. 

Whatever later stages of deposition followed may have been accom- 
panied by further subsidence and curvature, but that which is attributed 
to the Benton epoch is sufficient to occasion the development of an anti- 
cline (section 3, plate 53) whenever compression should occur. 

The preceding statement is made to show reason why an anticline 
should have developed near the present site of the Front range. Its 
essential principle is that of initial dips, as a condition which determines 
the loci of anticlines and synclines,* and the special case is based on the 
probable position of the Dakota-Benton shore. In what follows the epi- 
sodes of deformation and erosion leading to the present relations are 
discussed. 

Antecedents by folding and erosion.—Along the eastern base of the Rocky 
mountains in general the facts of structure express the action of a com- 
pressive stress, the Cretaceous and older strata being folded. The post- 
Cretaceous effects are commonly attributed to a single episode of com- 
pression ; in what follows they are assigned to two episodes, at least for 
the particular district under discussion. 

The first episode of compression began at some date not closely deter- 
minable, but which may be placed not earlier than Laramie time, nor 
later than early Tertiary. It is possible that flexure went on during 
Laramie deposition. It is also possible that it did not begin till after 
that deposition was completed. The distinction is not important to the 


* Mechanics of Appalachian structure, op. cit., plates showiag models A to El, 
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present thesis. Flexure in its early stages was an effect involving rela- 
-tively great stress, as the nearly flat Algonkian strata were exceedingly 
inflexible. It is probable that folds developed slowly. As the Laramie 
sea was shallow and was succeeded by emergence of the area, the anti- 
clines were subject to erosion, whether they developed earlier or later, 
and the synclines received their waste either as sediments beneath ma- 
rine waters or in estuaries or in lakes or as valley deposits. 

The effect which for a time satisfied the compressive stress was one of 
moderate folding (see section 3, plate 53). The succeeding condition 
was one of quiescence and it endured long enough for the planation of 
Cretaceous rocks to the Blackfoot peneplain. The name Blackfoot may 
be extended to the topographic cycle ending in the development of the 
plain. ‘The Blackfoot cycle can not be accurately dated by any evidence 
now available. It was post-Laramie and probably earlier than the oro- 
genic movements which, in Montana, gave rise to ranges and lake basins. 
The latter having yielded Miocene vertebrates, the movement may be 
placed in mid-Tertiary. That it was preceded by the Blackfoot cycle is 
an inference based on general observations of an extensive peneplain 
over the summits of the Rockies of western Montana and Idaho, obser- 
vations which leave no doubt in the writer’s mind of the existence of 
such a peneplain, but which do not suffice positively to identify it as the 
Blackfoot plain. On the probability of that identification the Blackfoot 
cycle may be placed in early Tertiary time. 

At the close of the Blackfoot cycle the topographic features of the re- 
gion under discussion were the peneplain on Cretaceous rocks and low 
hilly, past-mature relief on Algonkian rocks, such as is now presented 
by the summit hills of eastern Flattop. To illustrate them would re- 
quire a profile differing from that of section 3, plate 53, only in degree 
of relief. 

Conditions of overthrusting.—Among the effects of folding and erosion, 
at the close of the Blackfoot cycle was the exposure of the edges of some 
Algonkian strata as outcrops; being gently inclined westward, these 
beds had probably wide extent underground. They were relatively stiff 
and lay with one edge free. Under these conditions, supposing that a 
compressive stress again became effective, a part at least of the Algon- 
kian beds were so placed that they met but slight resistance in their 
tendency to yield by moving forward. So far as they were unopposed, 
or not sufficiently opposed to check and fold them, they did ride for- 
ward (see section 4, plate 53). That part which was thus overthrust 
separated from that which was not in general along bedding planes near 
the base of a particularly rigid stratum, such as the Altyn limestone. 
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The Siyeh limestone, the Carboniferous limestone, or other stiff forma- 
tion may elsewhere be found to have determined the thrust surface 
within the old rocks. 

Associated structures of the Lewis thrust—At the margin and beneath the 
advancing overthrust mass, the effect should be to disturb a superficial 
layer of greater or less depth. Strata might be overturned ; or, if rigid, 
they might be pushed forward on a thrust plane parallel to the initial 
thrust; or in soft shales like the Benton, confused crushing might ensue. 
The weight of the overriding Algonkian might be that of a few hun- 
dred or of several thousand feet of rock. In Flattop the thickness is 
1,800 feet or less ; in Chief it is 1,600 feet. Along the advancing margin 
it would not in any case be that of the series of Algonkian strata ob- 
served in the syncline of the Front ranges. The weight would not be 
sufficient to restrain rocks from breaking, and the local effects of defor- 
mation would be fracture, accompanied by irregular but extensive dis- 
placement. These deductions in part correspond with the observed 
conditions of the overthrust and underthrust masses. 

The surface on which the overthrust mass would ride forward would 
practically coincide with the Blackfoot plain, with which the thrust sur- 
face would thus become identified, but it is probable that in the process 
the peneplain would be deformed. In underlying strata not taking part 
in the displacement, the stress from which the overthrust resulted should 
have been exerted to accentuate any previously existing flexures. The 
Lewis anticline, if the structural antecedent of the Lewis thrust may be 
so called, was probably paralleled by a gentler fold somewhat further 
east, as a result of the earlier stage of compression. Any rise of that fold 
during the later stage of compression would be expressed in arching of 
the Blackfoot plain; such arching as exists, in fact, if the peneplain and 
the thrust surface coincide along the eastern base of Lewis range. An 
experimental illustration of an overthrust, a parallel fold, and the coin- 
cidence of thrust surface and subaerial plane may be seen in the sections 
of model E1, Mechanics of Appalachian Structure. 

The displacement observed on the Lewis thrust is 7 miles; the actual 
displacement is probably greater. The superficial movement requires 
accommodation of subterranean masses to an equivalent amount in 
some manner. This adjustment does not affect the preceding discussion 
of the development of the thrust, but it is a phase of the subject which 
is naturally suggested in sequel. In section 4, plate 53, close folding of 
strata is indicated in a position corresponding to a place beneath the 
Lewis range, but both the manner of folding and the locus assigned it 
is suggestive only. Applying the general rule that the nature of defor- 
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mation is determined by the character of rocks and the superincumbent 
load, the adjustment may consist in fracture, in flow and fracture, or in 
flow, and at successive depths deformation related to the Lewis thrust 
no doubt takes on the corresponding forms of crushing, folding, and 
viscous flow. The meridional sector in which such shortening may take 
place is indeterminate. It may correspond with the meridian of the 
Lewis range or extend eastward or westward. General relations suggest 
that a western sector moved relatively toward an eastern, which was sta- 
tionary ; but the mechanical effects would be similar if an eastern had 
moved against and under a western mass, or if they had both been in 
motion each toward the other. The facts thus afford no certain basis of 
conclusion as to the locus of deeper-seated shortening, corresponding to 
the Lewis thrust. 

The relation of the Lewis thrust to the syncline of the Front ranges 
presents interesting questions. Did they develop successively or simul- 
taneously? If successively, the broad mechanical effects may have 
been produced in either order, namely, the thrust first and the syncline 
later, or vice versa. If simultaneously—that is, as effects of a single epi- 
sode of compressive stress—the manner in which the force was distrib- 
uted, partly in thrusting and partly in folding, may be definitely 
analyzed. Let it be assumed that as a result of the earlier compression 
the Algonkian strata were bent in a synclinal flexure of less pronounced 
character than the present one. Then, in the later compression, the 
stress transmitted through the series was resolved into two components— 
the one tangential, the other radial to the bedding. The former was 
adequate to cause thrusting; the other was competent to increase the 
curvature of the beds. For a given stress the ratio of these two compo- 
nents changed with the increase of curvature, the tangential component 
losing as the radial gained. Thus thrust would cease when the tangential 
became inadequate to overcome the resistance opposed to it, and curva- 
ture would increase till the stress was taken up in the growing anticline 
west of the syncline. One effect would be to concentrate folding along 
the western margin of the syncline and to produce steeper dips toward 
the northeast than those toward the southwest. Such is the fact, but it 
might have arisen in other ways also. Another result would be to give 
to the thrust surface a synclinal form, but one which would be less pro- 
nounced than that of the overlying strata; and, again, the topographic 
surface developed on Algonkian rocks during the Blackfoot cycle should 
be depressed along the synclinal axis to an amount corresponding to 
the degree of flexure suffered by the strata during the later compression. 
This point is again referred to under physiographic problems. 


4 

se 

al 

| tc 

| ei 

‘| fo 

st 
| 
| 

ap 

sh 

is | 

tri 

th: 

col 

the 

| the 

ers 

| 

feet 

| sun 

is e 

nize 

abr 

sto 

G 

For 

Vici 

cale 


STRUCTURE 343 

Date of the Lewis thrust.—On the hypothesis of a single episode of com- 
pression, from which resulted all the phenomena of folding and thrusting 
in Cretaceous and Algonkian rocks in the district, the Lewis thrust and 
the associated structures must be assigned to a date closely following 
the Laramie deposition. The growth of the Front ranges and the de- 
velopment of the Blackfoot plain must be placed later, and the expres- 
sion of the Lewis thrust must be considered subordinate at the surface 
to these later effects of orogeny and erosion. 

On the other hand, on the hypothesis of two episodes of compression, 
separated by the Blackfoot cycle, the Lewis thrust must result from the 
second episode, and falls probably in mid-Tertiary. Its orogenic effects 
are then dominant in the Front ranges, and the physiographic history is 
to be read in terms of structure as well as of erosion. 

It is concluded that the data of the Lewis thrust may be placed in 
either late Cretaceous or mid-Tertiary time, and the principal criteria 
for determining which date is correct are to be found in the relations of 
structure to physiography. 


NORTH FORK NORMAL FAULT 


Topographic relations —The valley of North fork of Flathead river is 
apparently a structural valley of much greater length than the water- 
shed which coincides with its southern portion. The form of the valley 
is long as compared with its width. The North fork has no extended 
tributaries, but streams from the western side have more extensive basins 
than those from the eastern, which are notably short. There is marked 
contrast in the aspect of the mountains, west and east. Those on the west, 
the Galton range, are broad and massive (distance of figure 2, plate 50) ; 
they attain heights of 7,000 to 7,500 feet above sea, and they are trav- 
ersed by open, V-shaped valleys. Those on the east, the Livingston 
range, are abruptly precipitous, vary in altitude from 8,000 to 10,000 
feet, and present acute peaks rising from U-shaped valleys. Over the 
summits of the Galton range the lowland topography of an earlier cycle 
is easily traced; in the Livingston range that cycle has not been recog- 
nized. A long slope extends from the heights of Galton to the valley ; 
abrupt rise from hills of drift characterizes the western spurs of Living- 
ston. 

Geologic relations.—The geologic relations in a cross-section of North 
Fork valley are simple. Proceeding from southwest to northeast in the 
vicinity of Hay and Bowman creeks, one encounters: In Galton range, 
calcareous argillite, probably of the Siyeh formation, lying with a dip of 
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30 degrees northeast; in Flathead valley, drift and lake beds; in Liv- 
ingston range, Appekunny argillite, dipping 30 to 45 degrees northeast. 
The dip of the Siyeh formation in Galton range carries it under Flathead 
valley to a position several thousand feet below the Appekunny beds, 
which it properly overlies. The relations are those of a normal fault of 
great displacement, and downthrow on the west. 

From the topographic relations the position of this normal fault is 
inferred to be along the base of Livingston range, the downthrown block 
underlying Flathead valley. 

Date of normal faulting.—By reasonable inference the lake beds of 
North fork are connected with the normal faulting. The strata are 
tilted to a dip of 14 degrees northeastward toward the fault, as though 
they had shared in late movements. The date of faulting is thus tenta- 
tively fixed as Miocene or possibly Pliocene. Elsewhere in Montana 
similar faults are related to lake basins which have yielded Miocene 
vertebrates and, pending exact determinations, the North Fork fault is 
assigned to Miocene rather than Pliocene. 

This conclusion has been anticipated in placing the latest probable 
date of Lewis thrust as mid-Tertiary ; for the normal fault has resulted 
in a detachment of Livingston range, such that the strata could not in 
their present position receive the pressure which overthrust and flexed 
them. It follows that the thrusting must have preceded the normal 
faulting—that is, must have been accomplished by Miocene time. 


STRUCTURE AND PHYSIOGRAPHY 


Great plains and Front ranges.—Recognition of the tilted attitude of 
Cretaceous strata and of the even surface extended across their edges is 
sufficient to demonstrate the character of the Great plains, at least in the 
belt adjacent to the Front ranges. The surface is ‘one of planation, in- 
dependent of structure, and, marine planation being excluded on strong 
negative grounds, it may be considered a peneplain. Several stages of 
erosion may be noted in the relief of the Great plains, but the one here 
referred to is that which is represented by the highest levels and which 
is oldest. In the preceding discussion of antecedents of the Lewis thrust 
it was named Blackfoot peneplain and assigned to a pre-Miocene cycle 
of erosion. It is well represented in Milk River ridge between Cutbank 
creek and South fork of Milk river, west of the 113th meridian, where 
its elevation above sea is between 5,000 and 5,100 feet.* 

The rise of the Lewis range above the Blackfoot plain is more than is 


*See the Browning atlas sheet of the topographic map of the United States, 
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reasonably attributed to difference of hardness of rocks. Limestones 
and quartzites could not have maintained such relative altitude so near 
a lowland in which shale and sandstone were reduced to a plain. The 
later forms sculptured in the Blackfoot plain are apparently represented 
by equivalent features in the Front ranges. When their correlation has 
been worked out, remnants of a surface may be recognized as belonging 
to the Blackfoot cycle in old age. They may be traced among high 
shoulders of the peaks, which must then be considered monadnocks, or 
they may be the tops of peaks. In the latter case the surface may ap- 
pear closely to conform to the highest summits of the crests and to lie 
above the structural valleys. The criteria which effect this alternative 
can better be discussed when the structural factors shall have been 
estimated. 

The relatively great altitude of the Lewis range, considered as a result 
of mountain growth, might be attributed to a monoclinal flexure or a 
normal fault; but there is neither monoclinal flexure nor normal fault 
between the Lewis range and the Plains. ‘There is, however, a great 
overthrust, and it is appropriate to consider the quantitative sufficiency 
of the thrust to produce the difference of elevation. Eastern Flattop 
mountain furnishes most satisfactorily the data for estimate. Its surface 
istopographically old. It may represent the Blackfoot peneplain as far 
as it developed on silicious argillite, or it may have suffered some erosion 
in initial uplift immediately preceding the thrust movement. In the 
latter case the surface which should be compared in altitude with the 
Blackfoot plain lies somewhat above existing features. The highest hill 
on Flattop, a low, rounded summit of bare rock, is 8,340 feet above 
sea. It is reasonable to place the ancient surface not above 8,500 feet, 
ornot more than 3,500 feet above the Blackfoot plain, in Milk River 
tidge. By reference to figure 4 it will beseen that the dip of the thrust 
plane beneath Flattop is about 4 degrees, with a corresponding displace- 
ment of 4 miles. The vertical component, or vertical throw, of the 
thrust for this section is a little less than 1,500 feet. The observed dis- 
placement of Flattop is 7 miles, leaving 3 miles not reckoned in the 
above figures, and the dip is known to become materia'ly steeper as the 
thrust descends. If the average dip for 3 miles below the outcrop at 
Swift Current falls be 7 degrees (or about that determined southwest of 
Chief), the vertical component of the thrust would be a little more than 
1,900 feet. The two estimates should be added, and their sum is 3,400 
feet. In these figures the only one not checked by observation is the 
dip of 7 degrees below the outcrop, but it is less than would be esti- 
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mated on the basis of observations near Swift Current falls and on North 
fork of Kennedy. 

The writer concludes that the altitude of the Lewis range above the 
Great plains is due to the vertical throw of the Lewis overthrust ; and 
also conversely that the observed displacement on the Lewis thrust 
nearly approaches the actual, since much greater displacement on the 
probable dips would have resulted in greater elevation. 

Heights and anticlines.—In northern Lewis range and in Livingston 
range greatest altitudes are in general related to anticlines. In Lewis 
range an anticlinal axis already described is definite in mount Cleveland 
(10,438 feet above sea), swings southeastward about the head of Belly 
river near mount Merritt (9,944 feet), trends again southward through 
mounts Wilbur (9,293) and Gould (9,541 feet), and is lost in an expanse 
of nearly level strata centering about Citadel (9,024 feet). In mount 
Cleveland, where the anticlinal is narrow and dips from the axis exceed 
10 degrees, the altitude is the greatest of the range. In mount Merritt 
the fold is broader and dips are 5 degrees or less. Farther south the 
arch is merely a leveling of the southwesterly dip, with reference to 
which it occupies a lower monoclinal position, and the heights named 
above are also lower than others which lie farther east. Thus Siyeh 
(10,004), Going-to-the-sun (9,594), and Little Chief (9,542 feet) lie east 
of the anticlinal zone and are cut from elevated edges of hard strata dip- 
ping southwest. The many heights slightly above or below 9,000 feet, 
which are grouped between McDonald lake and the headwaters of Saint 
Mary river, appear to correspond with the widening area of level strata. 
The anticlinal axis winds from north-south to southeast and back to 
south, and Lewis range trends with it. Where the axis widens toa 
bench in the southwest-dipping monocline the range also widens and 
loses its distinctive crest. Thus there is a relation between altitude as 
expressed in peaks and elevation due to folding, and there is also a 
general relation of mountain belt to anticlinal zone. 

In Livingston range an anticlinal axis may be noted west of mount 
Heavens (8994) and near the head of Logging lake, where a group of 
nameless peaks reaches 8,500 feet. ‘The arch crosses spurs jutting south- 
westward from the crest, which is on the eastern anticlinal limb. Be- 
yond Logging lake northwestward the mountains rise to heights between 
9,000 and 10,000 feet, but the axis was not observed. It probably is cut 
off and thrown down by the North Fork normal fault. The position of 
the crest is an accident of erosion due to the work of streams and glaciers, 
which under favoring conditions of slope and exposure have forced the 
divide eastward till it is now from 1 to 4 miles east of the anticline. In 


| 
n 
cl 
re 
b 
cl 
le 
g 
tk 
di 
: in 
fe 
: W: 
cr 
no 
cre 
tri 
se 
va 
Re 
ab 
on 
W: 
th 
far 
du 
its 
Le 
wh 
by 
clit 
gui 
| infl 
| 
| 
| 
| 


PHYSIOGRAPHY 347 


general, however, the summit follows the trend of the fold, and the two 
may reasonably be considered as being related. 

Valleys and synclines.—In the Front ranges valleys fall readily into two 
classes, namely, (1) valleys independent of structure and (2) valleys 
related to structure. Saint Mary, Swift Current, and Kennedy valleys 
belong to the first class; they are effects of streams of water and ice 
cutting retrogressively headward across the edges of strata which dip 
away from their direction of fall. Waterton and upper McDonald val- 
leys belong to the second class, and to them alone need consideration be 
given here, 

To an observer on central Flattop mountain the synclinal structure of 
the Front ranges is the obvious fact (figure 1, plate 50, and figure 1, 
plate 51, in panorama). Scarcely less apparent is the broad synclinal 
valley of which the summit of Flattop was formerly the floor. For a 
distance of 12 miles from northwest to southeast the relation is exceed- 
ingly direct. The summit of Flattop has a general ‘elevation of 6,800 
feet and the axis of the syncline.is parallel to its trend, and northeast- 
ward and southwestward the mountain slopes and the strata rise to the 
crests of Lewis and Livingston ranges respectively. The syncline pitches 
northwestward, but is drained southeastward by McDonald and Mineral 
creeks, which, united, flow out southwest. This condition may be at- 
tributed to capture and inversion of a stream which was formerly con- 
sequent on the pitch. Southeast from and in line with this synclinal 
valley, shutting it off at that end, is the group of mountains of which 
Reynolds is a representative. Their relatively great height, 2,000 feet 
above Flattop, may be due to rise of resistant limestone and quartzite 
on the axial pitch. In the other direction Little Kootna creek and 
Waterton river lie over on the eastern limb of the syncline and crossing 
the dip on a long slant escape to the plains, while the synclinal axis 
coincides with peaks that rise to 9,000 feet. The divide, however, is 
farther west. The unsymmetrical position of Waterton river may be 
due to conditions preceding folding or to capture following on it; but 
its drainage basin is within the syncline, limited by the anticlines of 
Lewis and Livingston ranges. 

Thus, as might be expected, there are details of stream arrangement 
which have resulted from adjustment. They have also been affected 
by glaciation, but the broad fact of a synclinal valley between anti- 
clinal heights is dominant. 

Distinctive character of Front ranges—The Front ranges are distin- 
guished from physiographic districts adjacent to them by the dominant 
influence of structure on altitude described in the preceding paragraphs. 
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In strong contrast, the Great Plains exhibit features of erosion entirely 
independent of structure. Galton range, though as a mass bounded 
by structural limits, is within itself apparently a simple uplifted block. 
Whatever minor flexures or faults may exist, near the 49th parallel 
they are not sufficiently pronounced to interrupt the unity of the moun- 
tain mass. While the general altitude of 7,500 feet is due to uplift, 
details of heights express effects of earlier or later erosion only. In this 
respect Galton range is like the Plains and unlike the Front ranges. 

Over the Plains and over Galton range a peneplain was developed, 
On the soft rock of the Plains it was planed flat. On the harder rocks of 
the Galton mass it was probably not so completely smoothed. Observa- 
tions of 1901 were neither so extensive nor so precise as to distinguish 
monadnocks from features of later carving, but the general relation of 
height to an old lowland is as distinct as it is on the Schooley plain, in 
the Highlands of the Hudson, New York. The peneplain on the Great 
plains, the Blackfoot plain, is neither incidental nor local. It is the re- 
sult of a long cycle of erosion, which affected a wide territory, and its 
representative must occur in the nearby mountains among the oldest 
features, if not as the oldest, unless it has been obliterated by later 
activities. A tentative correlation of the Blackfoot plain with the pene- 
plain over Galton range is a reasonable inference from these facts. 
Nevertheless, in the intervening Front ranges the observer seeks in vain 
for that general uniformity of altitudes or that breadth of contour which 
might represent the Blackfoot plain. 

Reeognition of peneplain in the Front ranges.—The peculiarly bold sculp- 
ture of the Front ranges is explicable, offhand, as an effect of great ele- 
ration, from which there resulted special conditions of glaciation and 
erosion. It resembles the sculpture of the Cascade range, Washington, 
as nearly as is consistent with diversity of rock types. But unlike the 
Cascades, whose summits inherit common altitudes from a broad pene- 
plain, the Front ranges exhibit no general upper limit of heights com- 
mon to many widely distributed peaks. Instead, they present an ex- 
treme case of localized deformation, accentuated by intense corrasion. 
Realizing this, one may still recognize the position of the oldest topo- 
graphic surface of the province near the summits of the ranges. It is 
notable that each peak approaches in height those of its neighbors which 
stand in similar structural positions—that is, along the strike. A surface 
restored over the peaks, or over their wider shoulders, should represent 
that from which they are carved, plus or minus the effects of warping 
and minus the effects of later erosion. Detailed observations of structure 
will determine the former; studies of stratigraphy in relation to sculp- 
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ture will evaluate the amount by which erosion has reduced altitudes 
relatively on the several rock types—argillite, limestone, quartzite, and 
diorite. The determinations may be checked on some surviving areas 
of ancient relief. When existing profiles have been raised or lowered in 
accordance with these values, there will result a surface, which, in the 
writer’s judgment, will closely correspond with the peneplain over Gal- 
ton range. The conclusion involves elements which the eye cannot 
rightly estimate in the field and for which precise data are not at hand. 
For this reason the writer is disinclined definitely to place the peneplain 
relatively to the heights of the Front ranges; but, recognizing the insig- 
nificant extent of summit areas, or of shoulders that might support 
modified monadnoeks, he thinks it may be located on top of the highest 
peaks rather than below them. 

On the same ground of inadequate data, the extremely intricate prob- 
lems of sculpture must be left to the future. The student who may read 
the record will find it replete with facts of waterwork and icework, and 
he may discuss evidences of distinct episodes of uplift or of glaciation 
which the writer has not ventured to interpret. 


Igneous Rocks OF THE ALGONKIAN SERIES 


By Georae I. FIntay 
GENERAL COMMENT 


Occurrences of igneous rocks in the Front ranges, so far as observed, 
are limited to the Siyeh formation and a dike in older rocks on Trail 
creek west of Waterton lake. The drift of the North Fork valley con- 
tains boulders which represent other rock types. 

The igneous rocks of the Siyeh limestone are two—an intrusive dio- 
rite and an extrusive diabase. They are described below. The dike 
on. Trail creek is a diabase. 


DIORITE 


On mount Gould and on mounts Grinnell, Wilbur, and Robertson 
there is found a band of diorite 60 to 100 feet thick. Near the upper 
and lower surfaces this intrusive sheet was chilled and is fine-grained. 
In the center the texture is medium or fine-grained. Several dikes 
which have acted as conduits for the molten rock are exposed in the 
region near Swift Current pass. One of these extends across the cirque 
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occupied by the Siyeh glacier and runs vertically up the amphitheatral 
walls. It is 150 feet in width. A second dike, vertical and 30 feet 
wide, comes in beside the Sheppard glacier. Along the trail to the east 
of Swift Current pass the diorite sheet breaks across the Siyeh argillite 
and runs upward as a dike for 500 feet. It then resumes its horizontal 
position as an intercalated sheet between the beds of argillite. As a 
dike it skips for 600 feet across the strata on mount Cleveland. 

Under the microscope the diorite is found to contain abundant pla- 
gioclase, with small amounts of another feldspar, much weathered, 
which does not show twinning. This mineral is closely intergrown with 
quartz. Brown hornblende is the principal dark silicate. The plagio- 
clase has an extinction angle high enough for labradorite, but it gives 
no definite clue as to its exact basicity. No section of a fresh piece 
twinned on the albite and Carlsbad laws at the same time could be 
observed. The quartz is not present in sufficient amounts to make ad- 
visable the name quartz-diorite for the rock. The small patches of 
biotite originally present are entirely altered to chlorite. Pyrrhotite is 
occasionally met with, apatite occurs in crystals of unusual length, and 
magnetite in lath-shaped pieces is common. 


DIABASE 


In the field this rock is always much weathered, presenting a dull 
green color by reason of the secondary chlorite which it contains. It is 
a typical altered diabase. Exposures are found near the top of mount 
Grinnell, where the thickness of the sheet is 42 feet, and on Sheppard 
mountain opposite mount Flattop. Here the extrusive character of the 
flow is well shown, for its upper surface is ropy and vesicular, with 
amygdaloidal cavities containing calcite. Its place is at the top of the 
Siyeh formation, 600 feet above the sheet of diorite, with heavy bedded 
ferruginous sandstone and green argillite immediately below and above 
it respectively. The argillite has filled in the irregularities of the upper 
surface of the diabase. Five dikes of the same rock, genetically con- 
nected with it, were observed on Flattop. They contain inclusions of 
the argillite,and range from an inch to 6 feet in width. They are nearly 
vertical. 

Under the microscope the rock is seen to be made up principally of 
augite and plagioclase, arranged in such a manner as to give the normal 
diabase structure. The plagioclase is idiomorphic in long, slender laths. 
It has the habit of labradorite, but no material was studied which offered 
data for its accurate determination. The extinction angle is high. The 
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augite is much more abundant than the feldspar. It is an allotriomor- 
phic mineral, red-brown when fresh, but frequently entirely gone over to 
chlorite. The small amount of olivine originally present in the rock is 
now altered to serpentine and chlorite. Besides the chlorite, which is 
the chief alteration product, resulting from the plagioclase as well as from 
the augite and olivine, much secondary calcite has been derived from 
the feldspar. Apatite is found and titaniferous magnetite, in grains and 
definite crystals, is abundant. The medium texture of the diabase is 
fairly uniform throughout the flow. 


OTHER IGNEOUS ROCKS 


Other igneous rocks of petrographic interest, besides the above, are 
boulders of augite-andesite, diabase, melanite, phonolite, and tinguaite, 
which occur east of Livingston range and in the river drift along the 
North Fork of the Flathead river. Of these only the diabase could be 
traced to its source. It is found as an intrusive sheet 50 feet in thick- 
ness along the bed of Trail creek, about 4 miles west of the Great plains 
in British Columbia, where it had been seen previously by Dawson. 
Notable amounts of greenish plagioclase, radiating in star-like or more 
complex aggregates from one or more common central points, are found 
in it. 

DIABASE AND ANDESITE BOULDERS 


This diabase and pieces of andesite make up a large part of the igne- 
ous rocks in the North Fork river drift. Much more rarely phonolite 
and tinguaite are found. The first of these carries the black titaniferous 
garnet melanite. The mineral is distinctly recognizable, with orthoclase 
feldspars, at times nearly three-fourths of an inch long, in the hand 
specimen. The microscope reveals a holocrystalline porphyritic struc- 
ture. Nephelite, which amounts to perhaps 25 per cent of the rock, is 
seen to be responsible for the greasy appearance in the hand specimen. 
With it in the groundmass twinned orthoclase is found in a second gen- 
eration. Of unusual interest as being abnormal are the phenocrysts of 
apple-green hornblende, recognizable by the cleavage pattern on basal 
sections, which make up about 10 per cent of the rock. Orthoclase 
occurs, with the abundant large crystals of garnet, and almost as com- 
monly observed six-sided pieces of nosean. 


TING UAITE BOULDERS 


The tinguaite has likewise a porphyritic texture. The orthoclase 
feldspars are so abundant as to make up 40 per cent of the rock. They 
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attain a maximum size of 2 centimeters by 5 centimeters, and commonly 
give rectangular cross-sections. They are set in a dull green ground- 
mass, with here and there inconspicuous darker spots, where egirine 
appears in small phenocrysts. Seen by transmitted light, they are a 
bright emerald green. Under the microscope the groundmass resolves 
itself into a matted aggregate of egirine needles and sanidine, with 
small amounts of nephelite. The tinguaite was found near the mouth 
of Coal creek, but no indications of the rock were met at a distance from 
the North fork of Flathead river. 
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Figure 1..-Hotroway Mine 


Fieurr 2.—Suart 2—Watker Mine 


COPPER MINES, PERSON COUNTY, NORTH CAROLINA 
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COPPER-BEARING ROCKS OF VIRGILINA COPPER DISTRICT, 
VIRGINIA AND NORTH CAROLINA * 
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field characters and OCCUFTENCE. 

INTRODUCTION 


Some time was spent during the month of August, 1901, in a field 
examination of the Virgilina copper district, and the specimens of the 
rocks and ores collected were subsequently studied in the laboratory. 
Study was principally confined, both in the field and laboratory, to the 
rocks of the area, to determine their nature and origin. The ores were 
given only secondary consideration. 

The rocks have been designated slates by the earlier workers, which, 
Beording t to D present usage, would imply a metamor phosed sediment. 


*The author is vemine special obligations to Professor J. iia Cc anne nts, of the University of 
Wisconsin, for kindly reading and criticising this paper in manuscript, and he is indebted to 
Mr W. H. Pannebaker, of Virgilina, for the photographs illustrating it. 
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In many instances the characteristic field appearance of the rocks is 
that of slate or schist, but in their altered phases they are shown, by 
structural, chemical, and petrographic evidence, to be igneous in origin. 
Their subsequent alteration developed a schistose structure and an 
abundance of chlorite, epidote, and a limited quantity of hornblende. 
These impart to the rock its uniform green color and give the popular 
name “ greenstone.” 

Recent workers are agreed as to the igneous origin of these rocks, and 
in a recent paper discussing the type of metalliferous deposits of the 
area Weed * has correctly named the rocks. 

Scattered areas of ancient volcanic acid and basic rocks are described 
by Williams } and Nitze t immediately to the southwest of the Virgilina 
district. The rock areas are found in Orange, Chatham, Montgomery, 
Randolph, and Stanly counties, North Carolina. Nitze describes the 
basic rocks as being dark green in color, partly massive and partly 
schistose in structure, and perhaps pyroxenic and at times propylitic 
in mineral composition. I have not visited these areas, but the descrip- 
tions of the basic rocks denote similarity to the Virgilina greenstones. 

This paper discusses the evidence for regarding the Virgilina area as 
one of greatly altered pre-Cambrian volcanic rocks, closely allied to sim- 
ilar areas of ancient volcanics distributed along the Atlantic coast from 
eastern Canada to Georgia, and certain altered basic rocks in the Lake 
Superior region. The time which the writer was able to give to this 
investigation was insufficient to map and define the exact limits of the 


Previous Work 


The rocks of this immediate area have hitherto received but little atten- 
tion. No detailed work with respect to the differentiation and classifica- 
tion of the rocks of the Virgilina district has yet been undertaken. Brief 
references of a general character dating as far back as the Emmons Sur- 
vey (1856) are found in numerous reports on economic subjects issued 
by the North Carolina Geological Survey. Such references as_ bear 
directly on the area in question are here reviewed : 

After describing the Gillis copper mine in Person county, North Caro- 
lina, the earliest discovered one in the belt, Doctor Emmons § refers to 
the rock as follows: “ The rock immediately investing the mine is the 
altered slate belonging to the Taconic system.” Emmons first thought 
the rock was talcose, but later regarded it as argillaceous. 


* Trans, Amer. Inst. Min. Engrs., 1901, vol. xxx, p. 453 et seq. 

+ Journal of Geology, 1894, vol. ii, pp. 1-31. 

} Bulletin no, 3, N.C. Geol. Survey, 1896, pp. 37-43; Bulletin no. 10, ibid., 1897, pp. 15, 16. 
2 Geology of the Midland Counties of North Carolina, 1856, p. 344. 
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Professor Kerr* makes no special mention of this individual area in 
his report on the geology of North Carolina, but in defining the “ Huro- 
nian ” rocks of the state he groups the area as the northernmost limit of 
a belt of Huronian rocks traversing the state in a northeast-southwest 
direction. Speaking in a general way of the rocks composing the 
Huronian belt, Kerr mentions the following types: “ Quartzite, clay 
slates, gray, light-colored and drab and greenish.” “At some points the 
quartzites are argillaceous, and at others a few miles west of Smithfield 
it approaches a fine conglomerate. The clay slates are occasionally 
slightly hydro-micaceous.” He mentions dikes of diabase and dolerite 
as being common over parts of Granville county. Professor Kerr refers 
the rocks of certain parts of Granville and Person counties to the lower 
laurentian. He mentions the “characteristic and prevalent rocks as 
being syenite, dolerite, greenstone, amphibolite, granite, porphyry and 
trachite.” 

In a geological map of North Carolina, accompanying a report by Kerr 
and Hanna in 1887, the Person-Granville county area is grouped as 
the northernmost part of the Huronian.f A section given at the bottom 
of the map, extending from the Tennessee line to Newberne, North Caro- 
lina, designates the rocks of the copper belt area as “ Huronian slates.” 

Mr Hanna f describes the copper belt in Person and Granville counties 
in detail from the standpoint of economic mineralogy. He designates 
the rocks as schists and slates, and regards them as decidedly chloritic 
rather than argillaceous, as described by Emmons. Hanna gives the fol- 
lowing quotation from a report by Doctor Jackson: 

“The strata are occasionally disrupted by dikes; about half a mile from the 
Gillis, and dipping eastward to it, is a dike bearing N. 20 E., containing abundant 
sprigs and grains of disseminated native copper. Epidote occurs both in the trap 
rock and in the quartz, and in the slate strata near the dike, which seems to indi- 
cate that the trappean rock is of the same geological age as the quartz veins.” 


Mr Lewis § describes areas of medium fine and compact grain biotite 
granites, occurring immediately to the east of the copper belt proper, in 
Granville and adjoining eastern counties. 

In his description of the iron ore deposits in the northwestern part 
of Granville county, Mr Nitze || makes the following reference to the 


t Map accompanying *‘ Ores of North Carolina,” L888. 

tOres of North Carolina, 1888, p. 215. 

¢Notes on Building and Ornamental Stones, First Biennial Report, N. C. Geol. Survey, 1893, 
p. 7. 

jIron Ures of North Carolina, N.C. Geol. Survey, Bulletin no. 1, 1893, p. 47; Engineering and 
Mining Journal, 1s92, vol. 53, p. 447. 
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and schists, . . . lying conformably between slate walls . . .” 


He further mentions small crystals of magnetite occurring in gray mica- 
ceous schist coated with malachite. 

Nitze and Hanna* mention in * Gold Deposits of North Carolina” 
the principal copper mines in the copper belt, giving:assays of the ores 
and describing in some detail the topography and general geologic fea- 
tures. They designate the rock as schist. 

Pages 37 to 43 of the same report describe the occurrence of ancient 
acid volcanics found in the same belt, but directly southwest of the Vir- 
gilina area. The scattered areas lie principally in Chatham and Orange 
counties, within short distances of Raleigh and Chapel Hill. The close 
resemblance of certain ones in structure and composition to the rhyolites 
of South Mountain in Pennsylvania is noted. The localities were vis- 
ited by Professor George H. Williams, in company with Professor J. A. 
Holmes, in the summer of 1893, and afterward discussed in the Journal 
of Geology for 1894 by Williams.t They are referred to as pre-Cambrian 
in age, and are suggested as probably being contemporaneous with the 
somewhat analogous rocks of the South mountain, in Maryland and 
Pennsylvania. 

In describing the Carolina Gold Belt area, situated in the central 
Piedmont region and crossing the central part of the state in a south- 
westerly direction, Nitze and Wilkens { again refer to the kinds and dis- 
tribution of the ancient volcanic rocks. Their description follows: § 


““The voleanic rocks occupy irregular patches along the eastern border of the 
belt, in close proximity to the western edges of the Jura-Trias basins. They com- 
prise both acid and basic types. The acid rocks are generally devitrified to such 
an extent that their real character 1s no longer recognizable to the naked eye, and 
they appear as ordinary cherts or hornstones, although flow structure is at times 
still discernible. Microscopic examination shows them to belong to the class of 
rhyolites and quartz porphyries. They are sometimes sheared into schists, as for 
instance at the Haile mine, South Carolina. The basic types are dark green in 
color and perhaps pyroxenic in composition; they are sometimes massive por- 
phyrites, but more generally sheared into schists. The pyroclastic breccias con- 
sist of angular fragments of the acid rhyolites and porphyries in a basic matrix. 
The age of these ancient volcanics is believed to be pre-Cambrian. They seem to 
be analogous to, and probably contemporaneous with, similar rocks of the South 
mountain in Maryland and Pennsylvania, and other points along the Atlantic 
coast.”’ 


Professor George H. Williams || published in 1894 a very important 
*Gold Deposits of North Carolina, N. C. Geol, Survey, Bulletin no. 3, 1896, p. 52. 


t Journal of Geology, 1894, vol. ii, pp. 1-31. 


{tiold Mining in North Carolina, et cetera, N. C. Geol. Survey, Bulletin No. 10, 1897, pp. 15, 16, 
2 Ibid, p. 16 
Journal of Geology, 1804, vol. il, pp, 1-31, 
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paper on the distribution of the ancient volcanic rocks along the Atlantic 
Coast region. Attention is directed in the paper to the area immediately 
southwest of the Virgilina district, in which occur both acid and basic 
eruptives, mostly acid, of pre-Cambrian age. 

Mr W. H. Weed * recently published a valuable paper treating in 
some detail the type of ore deposits in this belt and the important eco- 
nomic features. He refers to the rocks of the district as follows: 

“The country-rock is schist, in few places massive enough to be called 

gneiss. . . . The rocks are all of igneous origin—even the softest and most 
shaly show this character in thin sections under the microscope. But in a few 
instances only is the igneous nature of the schists recognizable to the eye. This 
was observed at the Thomas mine, where a purplish rock is clearly a porphyritic 
meta-andesite. These schists are cut by dikes of later igneous rock (diabase). The 
only one seen by the writer was that exposed in the Blue Wing mine; 
Apart from the dikes, however, I would say, on the strength of field- observations 
alone, that the rocks are of igneous origin, and belong to the various porphyries 
which have been discovered in the Appalachian belt. This conclusion is con- 
firmed by the microscopic examination of thin sections, which has shown the 
rocks to be altered andesites, that is meta-andesites and andesite tuffs.’’ 


GENERAL Fie_p CHARACTERS AND OCCURRENCE 


As seen from the accompanying map, the area is located near the 
eastern border of the Piedmont plain, in Halifax county, Virginia, and 
Person and Granville counties, in North Carolina, 47 miles east of Dan- 
ville. The belt occupies a low, flat-topped, though somewhat conspicu- 
ous, ridge, which trends a few degrees west of south and slopes very 
gradually both to the east and west. It will average 100 to 200 feet 
in elevation above the neighboring stream valleys. ‘The cross-drain- 
ages are all small, but the ridge is flanked by several large ones on thé 
west and northwest sides. The ridge is traced northward to the Dan 
River valley, in Virginia, some 10 miles north of the state line. In 
North Carolina its southward extension is estimated by Hanna jf to be 
about 30 miles, reaching nearly to Durham. Prospecting is confined, 
however, to an approximate north-south distance of 18 miles along the 
ridge and to an average cross-distance of from 2 to 3 miles. Although 
of no conspicuous height, the ridge forms a somewhat prominent feature 
in the landscape. 

Natural outcrops of the rock are by no means common and are seldom 
more than 3 feet high, forming sharp and narrow spurs or reefs, which 
persist for only short distances. The numerous shafts sunk over the 


*Types of Copper Deposits in the Southern - United States, Trans. Amer. Inst. Min Basra, 
1901, vol. Xxx, pp. 453, 454, 
t Ores of North Carolina, Raleigh, 1888, p. 215, 
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greater part of the belt to depths of 40 to 500 feet afford excellent oppor- 
tunity for exceptional collections of the rocks and ores. 

The covering of loose, decayed surface rock and soil is very thin, and 
the moderately fresh and firm rock is encountered at slight depths be- 
neath the surface. 

At the mine openings some alteration in the vein constituents is indi- 
cated to the entire depth of the workings, 400 to 500 feet. This is shown 


Seale of Miles 


Figure 1.—Virgilina Copper District, Virginia and North Carolina 


Copper district indicated by shaded area 


in the case of the sulphide ores, which in several places are slightly 
changed by the percolating carbonated waters to the green copper car- 
bonate (malachite) found slightly staining the vein material and the 
unaltered ores. The rocks taken at these depths are of the same char- 
acteristic green color, and the thin-sections indicate the same amounts 
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Ficure 2.—Snart Numper 4 


HIGH HILL COPPER MINES, HALIFAX COUNTY, VIRGINIA 
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of chlorite and epidote as those from the shallow depths. As developed, 
both macroscopically and microscopically, the rocks collected at the 
various depths are indistinguishable. This is also shown in the dumps 
at the mine openings. 

The microscope reveals, as elsewhere shown, the igneous origin of the 
rocks; but, with few exceptions, the rocks do not entirely indicate their 
true igneous nature in the field. They are prevailingly finely laminated 
and schistose in structure, having the general characteristic features of a 
soft, green to purple colored schist. A number of sections showed the 
prevailing strike of the schistosity to be north 10 to 20 degrees east and 
an eastward dip of 70 to 80 degrees. 

The change in these rocks is clearly the result primarily of the 
processes of metamorphism active while the rocks were deeply buried. 
At a subsequent date, when the rocks were brought near the surface. they 
were further changed by weathering. The mineral products resulting 
from the alteration are strongly inewdence. Epidotization and chlorit- 
ization are manifested on a considerable scale. 

The greenstones are cut in several places by diabase dikes of later geo- 
logical age. One of these dikes, 12 feet wide, is exposed in the Blue 
Wing mine at the 100-foot level, where it is observed to cut across the 
schistosity of the rocks. ‘These dikes are described in the reports of the 
North Carolina Survey as being quite numerous in parts of Granville 
and Person counties. Faulted and slickensided surfaces are in evidence 
at some of the mine openings. 

The rocks are further cut by numerous irregular quartz veins, which 
contain the workable copper ores. The veins are traced for a mile or 
more in length on the surface, and in most cases they are more or less 
parallel, partially overlapping at the ends, and trending north 5 to 10 
degrees east. They are grouped by Weed * as true fissure veins, lentic- 
ular in shape, though connecting, crossing at times the schistosity of 
the rocks and at others parallel to it. The surface over most of the 
district is much littered with white quartz fragments derived from the 
disintegration of the veins. 


PETROGRAPHY 


MACROSCOPIC DESCRIPTIONS 


A pronounced schistose structure prevails, and only in a few places do 
the rocks appear like massive eruptives in the field. The degree of schis- 
tosity varies from the thin banding of a gneiss to the typical foliation of 
micaceous schists. The very finely banded structure is more character- 


* Trans. Amer. Inst. Min. Engrs., 1901, vol. xxx, p. 452. 
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istic of the purple-colored rocks. The rocks vary in color from some 
shade of medium to dark green (the prevailing color) to a slate purple. 

The rocks are aphanitic in texture, displaying at times a distinct por- 
phyritio structure in the massive phases, which becomes more apparent 
under the microscope. The massive phases of the rock are indicated at 
several places within a few miles to the north and south of the town of 
Virgilina. With one exception, this type is prevailingly dark in color, 
showing on close examination a mingling of green and purplish shades, 
with the greenish tint so predominant that the rock appears dark green 
on first glance. Both the characteristic chlorite and epidote shades of 
green are contrasted at times inthesame specimen. Ona freshly broken 
surface the fracture is conchoidal to subconchoidal, with a more or less 
waxy luster. 

Approximately half a mile south of Virgilina a shallow opening 
(Cornfield) is made, showing the massive rock in its least altered con- 
dition (analysis I). The rock is parphyritic in structure and the color 
is a medium dark-purplish shade, which contrasts with the surrounding 
more altered green schistose rock. 

Epidote of the usual pistachio-green color enters largely in places into 
the composition of the rocks, and it is mixed locally in considerable 
proportion with white quartz as a vein mineral. The schistose green- 
stone is easily scratched with the knife, and suggests approximately the 
same degree of hardness as that of ordinary clay slate. 

At the Copper World mine, 64 miles south of Virgilina, in the Caro- 
lina portion of the belt, a partially loose-textured, fine-grained, purple 
rock is mixed with the surrounding green schists. The material bears 
every resemblance to a tuff,* and is streaked in places by the character- 
istic actinolite shade of green due to alteration, and contains inclosures 
of a dark-colored massive material, usually of small but varying dimen- 
sions and partially rounded in outline. The fragmental or clastic nature 
of the mass is plainly visible. The microscope confirms the clastic 
nature of this rock and shows that it is composed of fragments of igne- 
ous rocks of the same character and composition as the igneous rocks of 
the district. Microscopic study also indicates the presence of similar 
clastic material at a number of other points in the district. 

No trace of the amygdaloidal structure, so characteristic of the South 
Mountain and Lake Superior basic greenstone areas, has been observed 
in the Virgilina rock. 

MICROSCOPY OF THE ROCKS 


The rocks vary in texture from dense aphanitic to medium fine-grained, 
with the porphyritic structure shown usually in the massive types. The 


*See Weed, W. H., op. cit, 
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original minerals are entirely altered to secondary minerals in many of 
the sections, but, with few exceptions, some trace of the original outline 
of the feldspar constituent is shown and more or less of the original rock 
texture preserved. While this is true for the feldspar constituent, the 
original bisilicate constituent is completely altered in every slide studied, 
without any indication as to what the mineral originally was. Con- 
sidering the age and composition of the rocks, it seems remarkable that 
any of the original minerals or structures should be preserved at present. 
When shown, the texture varies from a partial microophitic to micro- 
litic in the non-porphyritice types, with the same variation and composi- 
tion of the groundmass in the porphyritic rocks denoted. 

The constituents present are plagioclase, bluish to light green am- 
phibole, chlorite, epidote, zoisite, calcite, iron oxide (partly magnetite), 
quartz, and apatite. Of these only the feldspar, a part of the iron oxide 
(magnetite), and apatite are original. Both chlorite and epidote, inti- 
mately associated with more or less hornblende, are abundantly devel- 
oped in most of the sections, sometimes one, sometimes the other pre- 
dominating ; but the two are at all times intimately connected. 

In the porphyritic and non-porphyritie types the feldspar is present 
as lath-shaped crystals, showing the broad twinning lamellie of the 
albite type. Twinning after the Carlsbad law was observed in several 
instances. In the groundmass of the porphyritic rocks and in the fine- 
textured non-porphyritic types the feldspars are microlitic, with the 
boundaries less sharp and well defined than for the lath-shaped feld- 
spars, and the twinning is not at all or only slightly indicated. Some- 
times the feldspar grouping is suggestive of the sheaf-like arrangement 
described by Clements * in similar volcanic rocks of the Hemlock forma- 
tion of lake Superior. Poikilitic texture is well developed in many of 
the larger feldspar laths. 

Feldspar is the only porphyritically developed mineral, and it con- 
sists of fairly large, stout laths of broadly striated plagioclase, with maxi- 
mum extinction angles measured on the twinning planes of 14 to 20 
degrees, which would apparently indicate an acid plagioclase, probably 
near oligoclase. 

The feldspars of both the groundmass and phenocrysts are frequently 
fractured and mashed, showing the effects of pressure, which is seen to 
best advantage in the schistose rocks. 

Not a trace of original hornblende was positively identified in any of 
the sections. Amphibole is fairly abundant in most of the slides as a 
secondary product, and as such is usually light green to slight bluish 


* Monograph no. xxxvi, U. 8. Geol. Survey, 1899, p. 99. 
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green in color and as fibrous and frayed-out masses. A more common 
occurrence, perhaps, is as a felt of actinolite needles admixed with the 
other constituents, particularly chlorite, epidote, and iron oxide. The 
needles are very long and slender and are frequently much curved and 
bent. The pleochroism of the actinolite is usually quite strong. 

No trace of either augite or olivine was indicated in any of the slides, 
On account of the greatly altered condition of the rocks, it would not be 
safe to state that they were not present as original constituents. 

Chlorite is a constant and abundant constituent of the rocks, but is 
variable in amount, and presents the usual occurrence for such rocks, 
A striking feature is the intimately associated grains and plates of epi- 
dote distributed through the chloritic mass in a manner to indicate the 
simultaneous development of the two minerals, a characteristic occur- 
rence in some of the Lake Superior greenstones described by Williams* 
Clements + has shown that in some of the basic volcanics of the Hemlock 
formation the great abundance of chlorite in some sections is more than 
could result from the alteration of that amount of the original bisilicate 
present, and points out that it is derived in part from the altered glassy 
base. This explanation is likely applicable to some of the sections of 
the Virgilina rocks, since the amount of chlorite is in excess of the orig- 
inal bisilicate, and is probably a derived product in part from an altered 
glassy base. 

Epidote in the form of small and large irregular grains and plates is 
abundantly present, closely associated with the chlorite and amphibole. 
It varies in color from deep yellow to nearly colorless grains, with high 
single and double refraction, and showing strong pleochroism in the col- 
ored individuals. The somewhat idiomorphic plates show the M(001) 
and T(100) cleavages in their usual development. 

Zoisite, when identified, was closely intergrown with the epidote, 
forming an epidote-zoisite aggregate, the individuals of which are dif- 
ferentiated by their contrasted double refraction. 

Iron oxide is extremely abundant in portions of some of the sections, 
and to some degree in all. It is not all magnetite, as indicated by the 
red color of much of it. It is separated from the other constituents of 
the powdered rock by means of the magnet. It occurs as minute grains 
and crystals, and is in part primary and in part secondary. It is so 
abundant in some sections as to entirely mask some of the other more 
important constituents. Its secondary nature is frequently shown in its 
peripheral position surrounding the iron-bearing constituent from which 
it was derived. 


* Bulletin no. 62, U. S. Geol. Survey, 1890, p. 56 et seq. 
+ Monograph no, xxxvi, U. 8. Geol. Survey, 1899, p. 101. 
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Fieure 1.—Suart Numper 1—Yancey Mine 


Fiever 2.—Fovrts or Jury Suarr 


COPPER MINES, PERSON COUNTY, NORTH CAROLINA 
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The remaining minerals occurring in the rocks present no noteworthy 
features. 

In the thin-sections of the purple-colored slaty rocks of the Copper 
World, Durgy, and Yancey mines and the “ Slate Vein,” in the Carolina 
portion of the belt, and probably the fissile greenstone from the Halifax 
Copper mine, in Virginia, there is strong evidence for regarding the 
rocks as clastic volcanics. ‘The evidence is less plain in some sections 
than in others, on account of the extreme alteration having destroyed 
nearly all trace of the rock structure. When the texture is not entirely 
destroyed the microscope shows a clastic composed of igneous fragments 
similar in all respects to the true igneous rocks of the district.* 

The clastic nature of the rock at the Copper World mine is visible to 
the unaided eye and is described elsewhere in this paper. At no other 
point in the belt was the writer able to detect with certainty the clastic 
nature of any part of the volcanics. 

The microscopic study entirely fails to indicate what the original 
characterizing bisilicate component was in these rocks—whether augite 
or hornblende, or both, with possible biotite and olivine. We are in 
doubt, therefore, as to whether the rocks were originally augite or horn- 
blende andesites. 


CHEMICAL ANALYSES 


Six analyses of the Virgilina greenstones, four complete (analyses I-V, 
inclusive) and two partial (VI and VIL), were made by the writer in the 
chemical laboratory of Denison University.f These are compared with 
analyses of so-called greenstones (Catoctin schist) of the Catoctin belt of 
northern Virginia (analysis VIII) and with those of the weil known 
Marquette and Negaunee districts of Michigan (analyses XIII and XIV). 
Also analyses I and II, representing the freshest material, are compared 
with analyses of andesites from Colorado (analyses IX and XII) and 
Maine (analysis X1). 


* Through the kindness of Professor J. Morgan Clements, of the University of Wisconsin, | have 
been able to examine and compare the slides of the similar voleanic rocks of thé Lake Superior 
region, and the similarity, as remarked by Professor Clements, is strikingly close to the rocks of 
the Virgilina district. 

Professor Clements very kindly examined the thin-seetions of the Virginia-North Carolina 
rocks and the accompanying hand specimens here described, and in a personal memorandum to 
the writer stated that the rocks were igneous and of an andesitie character, confirming the writer's 
study of the material; further, that the evidence was strong for regarding some of the volcanics 
as clastics composed of fragments of basic or intermediate igneous rocks similar to the igneous 
rocks of the district. He says: “I tind they [Virginia-North Carolina rocks] are very similar to 
the greenstones which form so important a part of the Archwan and Algonkian of the Lake Supe- 


rior region.” 
tlam indebted to Professor W. Blair Clark, of Denison University, for kindly placing at my 
disposal the facilities for making the analyses. 
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I. | Il. IIL. IV. Vv. VI. | VIL 
| 64.12 | 62.32] 68.22] 51.34 | 48.20 | 46.45| 49.51 
... | Trace. | 0.06 0.03 0.38| 0.24 | Trace. 0.57 
16.32 15.79] 16.05 | 20.07 | 22.10 | 13.79 | 22.42 
6.72| 3.57| 5.15| 7.03] 7.61 7.60 | 10.08 
4.61 2.49| 4.03} 3.95 6.41 2.42 
MnO 0.64; 0.35] 0.49!) 0.38] 0.35 | Trace. 0.42 
| 3.65| 357] 283] 886 | 10.13/ 7.68 
MgO..... | 0.33 | 2.53 143} 418] 086 | 981} 281 
Ee 6.22 | 4.51 5.37 1.83 4.90 y 
0.53 | 0.76} 5.53 Undet. | Undet. 
"0.34 1.89 1.11}; 290/.231 | 266] 341 
_ a eee Undet. | Undet. | Undet. | Undet. | Undet. | Undet. | Undet. 
CO, | None. None. | None. | None. | None. | 2.27 | 0.90 
| 100.09 | 100.04} 99.55 | 100.50 | 100.54 |........ ie 


I. Andesite, dark purplish gray, massive and slightly porphyritic in texture, 
0.5 mile south of Virgilina, Granville county, North Carolina ; Cornfield opening. 
Analysis by Thomas L. Watson. 


II. Dark massive greenstone; Overby opening. Analysis by Thomas L. Watson. 


III. Average of I and II. 


IV. Bright schistose greenstone, Blue Wing mine, 3 miles south of Virgilina, 
Granville county, North Carolina. Analysis by Thomas L. Watson. 


V. Bright schistose greenstone, Fourth of July mine, 2.5 miles south of Vir- 
gilina, Granville county, North Carolina. Analysis by Thomas L. Watson. 


VI. Bright schistose greenstone, Anaconda mine, 1.5 miles north of Virgilina, 
Halifax county, Virginia. Analysis by Thomas L. Watson. 


VII. Partially decayed schistose greenstone from same locality as VI. Analysis 
by Thomas L. Watson. . 

VIII. Andesite, 3.5 miles east of Front Royal, Virginia. Analysis by George 
Steiger, Bulletin 168, U. 8. Geological Survey, 1900, page 51; described by Keith, 
Fourteenth Annual Report, U. 8. Geological Survey, page 305. 


IX. Hornblende andesite, summit of southeast spur of Galena mountain, above 
Big 10 claim, near Silverton, Colorado. Frank R. Van Horn, Bulletin of the Geo- 
logical Society of America, 1900, volume 12, page 8. 
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RESULTS OF CHEMICAL INVESTIGATIONS 


ANALYSES 
| | 
“vin. | IX. | X. XI. | XII. | XIII. | XIV. XV. 
| | | 
51.08 | 61.36) 61.40| 61.45| 61.58 | 43.80| 44.49| 50.20 | 61.37 
2.67 | Undet. 0.79 2.80 | 0.49 | Undet. | Undet. |....... 0.60 
| 187 | 16.56 16.59 15.07 | 16.96 | 16.08 | 16.37 | 15.43 | 15.41 
| 3.44 2.13 446) 1.75 9.47 3.15 
| 6.64) 2.93, 3.05) 1.18) 285 10.50) 5.50) 13.79 3.89 
| 0.22 | Undet.| 0.13 | None. | Trace. |....... 0.47 
5.20 4.565 6.17 | 5.37 6.28 | 7.81 7.94; 5.47 | 4.42 
396 | 0.85) 2.73} 302) 3.67] 6.54 | 7.50} 8.62 | 3.48 
( 5.54) 6.86 3.83 4.00 3.94) 1.96) 2.59 | 4.75 | 3.76 
150] 1.30] 1.34 1.22 1.28 0.3 
i Trace. | 005 | Trace. 
"1.50 | 1.55 1.70 1,23 1.30 3.99 4.99 1.74 2.99 
"0.39 | Trace. | None. |........ 
| 100.24 | 99.41 100.10 | 100.14 100.35 | 100.57 | 100.39 100.00 100.04 


X. Andesite, Edmund’s Hill, Aroostook county, Maine. Analysis by W. F. 
Hillebrand. Herbert E. Gregory, American Journal of Science, 1899, volume viii, 
page 365. 

XI. Pyroxene andesite, Agate creek, Yellowstone National park. Analysis by 
Whitfield, Bulletin 168, U. 8S. Geological Survey, 1900, page 108. 

XII. —— andesite, mount Shasta, California. Analysis by H. N. Stokes, 
Bulletin 168, U. S. Geological Survey, 1900, page 176. 

XIII. Dark massive greenstone, Lower Quinnesec falls, Michigan. Analysis 
by R. B. Riggs. G. H. Williams, Bulletin 62, U. S. Geological Survey, 1890, 
page 91. 

XIV. Dark schistose greenstone, forming a band in XIII. Analysis by R. B. 
Riggs. G. H. Williams, Bulletin 62, U. S. Geological Survey, 1890, page 91. 

XV. Greenstone, summit of ridge at Cliff mine. Quoted by A. C. Lane, Geo- 
logical Report on Isle Royale, Michigan, Geological Survey of Michigan, 1893-1897, 
volume vi, page 215. 


XVI. Meta-andesite, 1.5 miles northward from Jenny Lind. Analysis by W. F. 
Hillebrand. Bulletin 168, U. S. Geological Survey, 1900, page 203. 
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A cursory examination of the analyses is sufficient to indicate the 
andesitic character of the rocks, with an advanced stage of alteration 
shown in IV, V, VI,and VII. Furthermore, the ratio of the SiO, to the 
base-forming elements in I and II, the least altered material, suggests 
an intermediate rather than an acid or basic andesite. The prevailingly 
low SiO, in the remaining analyses (IV, V, VI, and VII) is explained on 
the basis of advanced alteration, since the rocks yielding these results 
were the most-altered and were highly schistose in structure. Other 
apparent irregularities in the analyses are likewise explained on the 
same basis, since the greatest irregularities are indicated in the analyses 
of the most altered specimens. ‘To what extent the ore-bearing solutions 
have aided in the alteration it is not possible to say, but that the change 
has resulted in part from such action is doubtless shown in the metallif- 
erous veins of the district. 

When I, II, and IIT, analyses of the least altered rock, are compared 
with analyses of recognized andesites occurring elsewhere, no marked 
differences in the essential constituents are shown. 


Higher SiO, and Al,O, and lower Fe,O,, FeO, CaO, and MgO in the: 


Virgilina rocks than for the similar rocks in the Catoctin belt are noted. 
Na,O is approximately the same for the two rocks, with increased K,0 
shown in the Catoctin andesite. The Catoctin andesite is characterized 
by very high iron oxide and correspondingly low SiO, and clearly repre- 
sents the basic type of andesite, which readily accounts for the apparent 
variations shown in the comparison with the Virgilina rock. 

Comparing the analyses of the Virginia-North Carolina rocks with 
those of andesites from Colorado (analyses IX, XI, and XII) and Maine 
(analysis X), the differences are by no means so great as shown in the 
Catoctin andesite, but, on the contrary, the figures are strikingly close 
and uniform for rocks occurring in areas so widely separated. 

Analyses XIII and XIV are of typical greenstones from the Michigan 
area derived, as Williams states, from the igneous rock type, diabase. A 
comparison of these two analyses with the average of I and II given in 
column ILI indicates at a glance those differences shown in chemical 
composition which distinguish a diabase from an andesite. 

So far, then, as chemical analyses are trustworthy, the percentage ratios 
of the various constituents in the Virginia-North Carolina rocks, as indi- 
cated in I and II, and their average III, are those of andesite. Passing, 
then, from the least to the most altered phases of the rocks, the change is 
observed to consist largely in the increase in the amount of chlorite, as 
clearly manifested in the assumption of water, hydration; and also in 
increased Al,O,, FeO, and MgO. A similar change in the rocks of the 
greenstone area of Michigan has been emphasized by Williams. A second 
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and no less important change in the Virginia-North Carolina rocks is the 
increased amount of epidote in the much-altered phases of the rocks, a fact 
indicated microscopically as well as in the field, and further confirmed 
chemically in the greatly increased amounts of CaO in the analyses of 
the altered over those of the fresher rocks. 

Attention is finally directed to the alkalies’ ratio in these rocks, in 
which it is observed that K,O is reduced to practically a minimum, while 
the Na,O is proportionately increased. The constant presence of TiO, 
and MnO in the analyses is a noteworthy feature. 


Evipences oF Eruprive CHARACTER 
FIELD EVIDENCE 


The field evidence that the schistose rocks here studied are of igneous 
origin is not entirely lacking when the belt as a whole is considered. 
While the rocks are prevailingly schistose or foliated, and in places 
thinly fissile, areas of much altered, though massive, rocks of the same 
color and texture are met in a number of places, and are most sat- 
isfactorily explained as igneous in origin. This alteration is the result 
of dynamic metamorphism accompanied by much chemical action, con- 
sisting largely in the abundant development of chlorite and epidote. A 
similar change has been observed in the greenstone areas of Michigan * 
and South mountain,} Pennsylvania. In most cases where the original 
character is entirely lost and a perfect secondary schistosity assumed 
it becomes necessary to resort to the microscope to determine their 
nature. 

In the massive and least altered phases of the rock the porphyritic 
structure is apparent. The porphyritic constituent measures less than 
one millimeter in size, and is distributed through an aphanitice ground- 
mass of uniformly green and purple colors. The porphyritic structure 
is more strikingly shown in some of the thin-sections under the micro- 
scope than in the hand specimens. In such cases the porphyritic min- 
ral consists principally of a well striated plagioclase. 

The prevailing fineness of grain of these rocks, which is equally char- 
acteristic of the freshest specimens as for the most altered material, and 
the associated tuffs or clastic volcanics suggests solidification at the 
surface. 

The weathered outcrops afford, as a rule, only slight indication of an 
igneous mass, although at one point a few miles to the south of Vir- 
gilina, in Carolina, the spheroidal type of weathering was observed. 


* Williams, G. H., Bulletin no. 62, U. 8S. Geol. Survey, 1890, pp. 192-217, 


*# Bascom, F., Bulletin no. 136, U.S. Geol. Survey, 1896, p. 25. 
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Since the rocks are usually no longer massive, but instead are highly 
schistose in structure, the weathered surfaces for structural reasons would 
be expected to more closely simulate those of sedimentary masses. 

The extension of the belt as traced from the rock outcrops for many 
miles in an approximately north-south direction, with comparatively a 
very narrow cross-section, is certainly suggestive. Their weight, color, 
texture, and not unfrequent massive structure are properties more char- 
acteristic of igneous than of sedimentary rocks. 

Massive granites and granitic gneisses, and in places dikes of diabase, 
limit the area on the east and west sides. In several instances the dia- 
base is found cutting the rocks of the greenstone area. Some evidence, 
both field and microscopic, is at hand for regarding some of the rocks at 
several places in the belt as altered andesite tuffs or clastics composed 
of fragments of the igneous rock.* ‘The study has not been sufficiently 
extended, however, if, indeed, it were possible, to differentiate the clas- 
tic volcanics (tuffs) from the direct igneous masses of the area. 


MICROSCOPICAL EVIDENCE 


The evidence of the igneous origin of these rocks is not entirely that 
of field relations, but is derived largely from microscopic structure, min- 
eral and chemical composition. In many instances the thin-sections 
show both stout and acicular forms of striated feldspar partially or 
wholly preserved, embedded in a fine-grained groundmass composed 
principally of green chlorite and hornblende, epidote, altered feldspar 
and iron oxide. This arrangement is not confined to the massive and 
least altered forms of the rocks, but is indicated to some degree in the 
partial skeleton outlines of some of the original minerals in several slides 
of the perfectly schistose rocks. In many cases chemical and structural 
metamorphism have progressed so far that all trace of the original 
structure, as well as that of every original mineral, has been destroyed. 

The occurrence of lath-shaped polysynthetically twinned crystals of 
plagioclase which appears to have formed an essential constituent of the 
rocks is characteristic of rocks of igneous origin. Furthermore, the micro- 
ophitie and poikilitic structures of the feldspars of some of the rocks in 
thin-section under the microscope are common only to igneous masses. 
The structures bear certain striking resemblances to similar rocks of 
igneous origin described by Williams t and Clements { from the Lake 
Superior region. Professor Williams § reproduces a photomicrograph of 


* Weed, op. cit. 

+ Williams, G. H., Bulletin no. 62, U. 8. Geol. Survey, 1890. 

t Clements, J. Morgan, Jour. of Geology, 1895, vol. iii, pp. 801-822; Monograph, no. xxxvi, U. 3. 
Geol. Survey, pp. 98-103. 

2 Williams, G. H., op. cit., p. 226, plate x, figure 2, 
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a thin-section of one of the rocks showing this structure from the 
Negaunee district, which has its analogue in several sections of the Vir- 
gilina rocks. 

The minerals composing the rocks, which are chiefly secondary, are 

‘those which would result from chemical and structural metamorphism 
of an original igneous rock of basic or intermediate composition. 

While, as already stated, in most instances all trace of the original 
minerals in the rocks is lost or destroyed, in some sections enough re- 
mains to tell with some degree of certainty what their original essential 
minerals were. 

The analyses of these rocks given in the table on page — confirm their 
igneous character. When compared with similar analyses of well known 
igneous rocks of a certain type from widely separated localities, fairly 
close agreement is shown in the essential chemical features, Knowing, 
therefore, the greatly altered condition of the bulk of the rocks in the 
area, such differences as are brought out in the table of analyses are 
readily explained on the basis of chemical and physical metamorphism, 


CHEMICAL EVIDENCE 


The chemical analyses of these rocks have been previously discussed 
in this paper—pages 363-367. The close conformity in composition of 
the rocks (the least altered ones), as there indicated, with that of andesites 
from well known but widely separated localities is certainly indicative 
of igneous origin. Their uniform composition is in contrast with that 
of a series of clastic rocks, where, as shown by Rosenbusch,* the chem- 
ical proportions are largely accidental. The microscopical study fully 
confirms the chemical evidence favoring the igneous origin of these rocks. 


CoMPARISON WITH OTHER AREAS 


Scattered areas of ancient volcanic rocks have been recognized at 
various localities along the Atlantic coast by geologists, extending from 
New Brunswick through Maine, New Hampshire, Massachusetts, Penn- 
sylvania, and Maryland into northern Virginia, the Carolinas, Georgia § 
and Alabama. Some of the so-called sedimentary areas of the northern 
Atlantic coast of the earlier geologists are now regarded as altered vol- 
canic rocks. 


*Zur Auffassung der Chemischen Natur des Grundgebirges, Tschermak’s Min. u. Petrog. Mitth. 
1891, vol. xii, pp. 49-61. 

+G. H. Williams discusses the subject in the 15th Ann. Report, U. S. Geol. Survey, 1895, pp. 
63-664. 

{For a statement of the distribution of the voleanic rocks on the Atlantic coast, see Williams, 
Jour. Geology, 1894, ii, 1-31. 


LIV—Butut. Grow. Soc. Am., Vor. 13, 1901 
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Areas of such voleanics have been described from eastern Canada¥* 
by Bailey, Matthew, Ells, and Bell. In New England + Wadsworth, 
Diller, Shaler, Bayley, G. O. Smith, H. 8. Williams, and Gregory have 
described similar areas in Massachusetts and Maine. Other similar 
areas are well known in Pennsylvania, Maryland, and Virginia through 
the investigations of G. H. Williams, { Keith,§ and Bascom.|| In the 
Lake Superior region#} they have been long known through the contri- 
butions principally of Irving, Van Hise, the Winchells, Clements, Bay- 
ley, Wadsworth, Williams, and Grant. 

Through the studies of Clements and Brooks areas of greenstone 
schists, similar to those of the Lake Superior region, and derived from an 
original basic igneous rock of pre-Cambrian age, have been identified in 
the crystalline area of Alabama.** 

The rock types indicated in these areas vary from acid to basic vol- 
canics in composition, according to locality, and are represented princi- 
pally by such rocks as rhyolite, andesite, diabase, diorite, gabbro, and 
their associated tuff deposits. 

From the descriptions, the rocks of the Virgilina district are closely 
similar in many essential features to the corresponding altered phases of 
the Catoctin and South Mountain areas in Virginia, Maryland, and 
Pennsylvania, and certain ones of the famous greenstones from the 
Lake Superior region. When the altered rocks, greenstones, of the va- 
rious areas are traced by means of chemical and microscopical study to 
the original rock type; the differences become more apparent. This dif- 
ference is that which distinguishes in the original rock an andesite from 
a diabase, diorite, gabbro, etcetera; but, as already stated, the altered 
rock derived from these several types is closely similar. 

Sufficient study of the ancient volcanic rocks occurring to the south- 
west of the Virgilina area, in North Carolina, is lacking on which to 
base specific comparisons. That they are altered volcanic rocks of great 
age, comprising both acid and basic types, is established, but the exact 
mineral and chemical composition, denoting the original rock types 
from which they are derived, is yet to be investigated. Megascopic 
descriptions and the field relations of many of the basic types indicate 
their striking similarity to those of the Virgilina district. 


* Ann. Report Canadian Geol, Survey, 1877-’8 D D, 1879-"80 D, 1889-90 F, 1891. 
+ Mus. Comp. Zool. Bull., vol. v, p. 232; ibid., vol. vii, pp. 166-187, 1881; A. J.S., 1886, vol. 32, p. 40; 
8th Ann. Rept. U. 8. G. S., pt. 2, p. 1043; A. J. S., 1899, vol. viii, p. 359; Bull. no. 165, U. 8. G. S., 190, 


212 pp. 
tA. J. S., 1892, xliv, 482-496; Jour. Geology, 1894, ii, 1-31. 
214th Ann. Rept. U.S. G. 8., 1894, pp. 285-395; Am. Geol., 1892, x, 365 ; Bull. G. 8. A., ii, 156, 163. 
| Bull. no, 136, U. S. G. S., 1896, 124 pp. 
©The literature is scattered through annual reports, monographs, and bulletins of the U.S. 
Geological Survey and the state reports of the surveys of Minnesota, Wisconsin, and Michigan. 
** Geol, Survey of Alabama, Bulletin no. 5, 1896, pp. 84-96, 120-197. 
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As developed from the chemical and microscopic study of the rocks of 
the Virgilina district, the present much altered rock, greenstone, clearly 
indicates its derivation from an original andesite of an intermediate 
basic type as contrasted with the similar Catoctin schist or greenstone, 
which from Keith’s * description, is derived from a more basic ande- 
site, diabase, or basalt. 

According to Keith, the rocks of the Catoctin area are igneous in origin 
and represent probably two different flows—the upper, basaltic, and the 
lower, dioritic. In general the rocks are much altered through dynamic 
metamorphism and secular decay and now largely form greenish epidotic 
and chloritic schists, designated by Keith as the Catoctin schist. The 
fine-grained varieties are composed of quartz, plagioclase, epidote, mag- 
netite, and chlorite. In the coarse-grained types the original nature 
of the rock is well indicated. The ophitic arrangement of the coarse 
feldspars is definitely marked. The additional minerals in the coarse 
rocks are calcite, ilmenite, skeleton olivine, biotite, hematite, and, in a 
few instances, hornblende. The alteration products, chlorite and epidote, 
are abundant and characteristic. An analysis of the fresh rock by George 
Steiger is shown in column VIII of table of analyses, on pages 364-365. 

The South Mountain area is shown by Williams +t and Bascom { to 
consist of the acid voleanic rhyolite and the basic types, diabase and 
basalt, the latter yielding on alteration the greenstones of the region. 
Bascom § further describes the basic types of this area as holocrystal- 
line, effusive, plagioclase-augite rocks. with or without olivine, the essen- 
tial characteristics of the diabase group. 

After establishing the igneous origin of the greenstones of the Menom- 
inee and Marquette districts of Michigan, Williams || shows the different 
rock types to have been olivine-gabbro, gabbro, diabase, diabase-por- 
phyry, glassy diabase and melaphyre, diorite, diorite-porphyry, and 
tuffs, with the two districts limited on their north and south sides by an 
acid series consisting of granite, granite-porphyry, and quartz-porphyry. 

The original mineral constituents of these rocks are described by Wil- 
liams €{ as labradorite, quartz, biotite, hornblende, diallage, augite, oliv- 
iue, zircon, apatite, sphene, ilmenite, and magnetite. Thesecondary min- 
erals produced by metamorphism and weathering are albite, saussurite, 
misite, quartz, hornblende, epidote, chlorite, biotite, tale, serpentine, 
carbonates, iron oxides, and pyrite.** 


*14th Ann. Rept. U.S. G. S., 1894, p. 304 et seq. 
+ Op. cit. 

Op. cit. 

2 Ibid., p. 69. 

! Bull. U. 8, Geol, Survey, no. 62, pp. 197-199, 

© Ibid., pp. 199, 200. 

** Ibid., pp. 213, 214. 
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372 T. L. WATSON—VIRGILINA COPPER DISTRICT 


Van Hise and Clements regard the greenstone schists of the Crystal 
Falls iron-bearing district as altered diabase, diabase-porphyry, and 
gabbro.* Clements + has shown the derivation of the greenstones of 
the Hemlock formation to be from original basaltic and andesitic rocks, 

The evidence here adduced from the descriptions of the rocks of the 
several areas indicates the striking fact that the present altered rock, 
greenstone, is remarkably similar for the several districts, but when, 
through chemical and microscopic means, they are traced to the original 
rock, distinct differentiation, such as distinguishes the various basic 
igneous types from each other, is shown. Moreover, not only is this 
striking similarity indicated in the altered rock in each instance, but the 
processes involved in producing the alteration have been uniformly 
alike. Thealteration has been one of structural and chemical metamor- 
phism, resulting in the formation of abundant chlorite and epidote and 
smaller amounts of other secondary minerals and the accompanying 
secondary schistose structure. 


Ore Deposits oF THE District 


The deposits of the immediate district are copper, with those of work- 
able iron ore reported from other portions of the same counties. Copper 
prospecting in the district dates back forty or fifty years. The Gillis cop- 
per mine was opened in 1856,§ exposing a large body of copper glance. 
Systematic work is of recent date, however. 

The ore occurs mostly in quartzose veins, and to a limited extent as 
finely divided particles disseminated through the rocks in places. The 
workable ore is confined entirely to the veins. The vein stone consists 
principally of quartz with considerable calcite and epidote mixed locally, 
The altered country rock, greenstone, is intimately mixed with the 
quartz and calcite as thin lenses and stringers, which impart, in places, a 
banded structure to the vein. The included portions of the altered rock 
vary from mere films and dark streaks in the quartz toa preponderance 
of the schist with quartz infiltrated between the layers. The quartz is 
further frequently encased by layers of the schist wrapped around it. 

The workable ore comprises glance and bornite mixed with the green 
carbonate, malachite—an alteration product from the original sulphides. 
A considerable sprinkling of the red oxide and native copper are seen in 


* Mono. U. 8. Geol. Survey, vol. xxxvi, pp. 484-486 ; ibid., vol. xxviii, pp. 203-208. 
+ Ibid., vol. xxxvi, pp. 95-148. 
t For a detailed description of the individual mines and the general features of the belt as a 


whole, see W. H. Weed, Trans. Amer. Inst. Min. Engrs., 1901, vol. xxx, pp. 449-504. An earlier 


account is given by Geo. B. Hanna in Ores of North Carolina, 1888, pp. 214-220, 
2Emmons, E., Geol. Survey of North Carolina, 1856, p. 344. 
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ORE DEPOSITS OF THE REGION 373 


places. Genth and Kerr* mention the following copper minerals occur- 
ring in Person and Granville counties: chalcopyrite,chalcocite, malachite, 
chrysocolla, cuprite,and native copper. Chalcopyrite and pyrite are 
almost entirely absent from these veins. ‘They were observed in largest 
amount at several shafts being opened on the High Hill property in 
Virginia at the time of the writer’s visit. 

So far as examined, the ores are free from arsenic and antimony, but 
are reported to carry, at times, very appreciable traces of both gold and 
silver, particularly the latter. The following assays of the gray ore from 
the Yancey mine in Person county, North Carolina, are given by Hanna, + 
and serve to illustrate the values of the mineral material. 


Gold, per ton, Ounce, Ounce, Ounce. 
Silver, per ton, ounces, ounces, 4 ounce. 
Copper, per cent, 48.17 26.16 31.14. 


In the Holloway shaft, 3.5 miles south of Virgilina, the vein has been 
opened te a depth of more than 500 feet, and the action of the percolat- 
ing carbonated waters is shown to this depth in the occasional presence 
of the green carbonate, malachite, in association with the unaltered ores. 

The particular interest in the ore deposits of this district is the some- 
what analogous occurrence and association in many respects of the cop- 
per minerals, including native or metallic copper, in the greenstones 
(originally igneous in origin) to certain closely allied areas of altered 
igneous rocks of the Lake Superior region, and the Catoctin and South 
mountain areas of Virginia-Maryland-Pennsylvania, and to other smaller 
and less important areas in Virginia and North Carolina. Furthermore, 
the association of the copper with epidote is not only true of the Vir- 
gilina belt, but is described by various geologists } as true to some degree 
for the other areas of the Atlantic Coast and Lake Superior regions. No 
indications of amygdaloidal structure so common in the rocks with which 
the copper is intimately associated in many of the other areas is found 
in the Virgilina district. 

In describing the general distribution of the Catoctin type of copper 
deposits, Weed says: 

“Tt is evident that the association of epidote (and, to a lesser degree, of chlorite) 
and the native copper is a constant one, for which reason it is believed that the 
processes incident to the formation of the one led to the formation of the other. 
Such ores occur near Virgilina, Virginia, near Charlotte, North Carolina, and in 
many scattered localities through the South.’’ 2 


*The Minerals and Mineral Localities of North Carolina, Raleigh, 1885, 128 pages; also Bulletin 
no. 74, U. S. Geol. Survey, 1891, pp. 98, 109. 

cit., p. 220. 

cit. 

#Trans. Amer. inst. Min. Engrs., 1891, vol. xxx, p. 503. 
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The Ducktown copper deposits in southeastern Tennessee have been 
shown by Weed { to representa different type from the Virgilina deposits, 
Both Kemp f and Weed f agree that the Ducktown ores are replacement 
deposits of an original calcareous sedimentary. A further difference 
consists in the Tennessee deposits being composed chiefly cf chalcopyrite 
and pyrrhotite, which minerals are essentially absent from the Virgilina 
district. 


WEATHERING 


The superficial weathered product consists of a scanty covering of 
light gray to brown soil. At comparatively shallow depths beneath the 
surface the rock manifests no tendency toward disaggregation, nor to 
crumble and change color when exposed at the surface, but on the con- 
trary remains hard and fresh appearing. 

The greatly altered nature of these rocks has already been emphasized. 
The resulting minerals from such change, epidote and chlorite, are 
present in large amounts in these rocks, replacing in whole or in part 
the original essential minerals from which the above two have been de- 
rived. Epidote is usually regarded as a dynamo-metamorphic mineral, 
while chlorite is usually given as a product of weathering. The origin 
of chlorite, however, is sometimes closely associated with dynamic 
agencies. It is not possible, therefore, to separate the products of the 
processes which have produced the degree of alteration manifested in 
the rocks of this area. Without stating more detail, vastly the majority 
of change in the rocks of this area is due to dynamic action. 

A suite of specimens representing the fresh and decayed rock were col- 
lected at the Anaconda mine in Virginia, a short distance north of Vir- 
gilina, for illustrating the chemical changes incidental to weathering. 
Here the decayed product is several feet deep, the brown color of the 
decayed rock passing gradually into the moderately fresh and firm green 
rock underneath. In columns VI and VII of the table of analyses are 
given chemical analyses of the fresh rock and its corresponding decayed 
product. The decayed rock was of a pronounced yellowish brown 
color, readily crumbling under slight pressure of the hand. It effer- 
vesced very feebly in dilute acid, indicating hardly more than apprecia- 
ble traces of carbonates. When further digested for some time in very 
dilute warm HCl, the brown coloring matter was removed and the resi- 
due consisted of the usual green mineral products composing the fresh 
rock. The percentage of residue composed of the green colored minerals 


was very large. 


* Ibid., pp. 449-504, 
} lbid., Richmond Meeting, February, 1901, pp. 18-20 (author's edition), 
t Ibid., 1891, vol. xxx, pp. 480-494. 
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AGE RELATIONS OF THE ROCKS SEs) 


As indicated in the analyses of the fresh and decayed rock of the 
table, the change has been one of hydration—the assumption of water, 
accompanied by the peroxidation of the iron and the partial removal of 
the more soluble constituents, lime, magnesia, and alkalies. 


AGE RELATIONS 


Excepting the northernmost exgension of the Jura-Trias to the south 
and southeast in the vicinity of Oxford, Granville county, North Caro- 
lina, no known elastics of definite age are found close to the area. 
Dikes of Mesozoic diabase are reported to be rather numerous in parts 
of Granville county, and in several instances are observed cutting the 
rocks of tunis area. To the east, south, and west massive granites and 
granitic gneisses of approximately the same mineral composition are of 
frequent occurrence. Sufficient work has not yet been done, however, 
to definitely determine the exact origin of the gneisses, but in many 
cases their close mineralogical resemblance to the granites is suggestive 
of igneous origin. Indeed, a chemical analysis quoted by Kerr * of a 
similar granitic gneiss taken from the Raleigh quarries would strongly 
indicate, in connection with the mineral components, an original mass- 
ive granite sybsequently rendered schistose by pressure. 

The occurrence of similar ancient volcanic rocks in the adjoining 
counties to the southeast of the Virgilina area, described by Williams + 
and others { as closely resembling those of the South Mountain area, 
are grouped as pre-Cambrian in age, and can be most likely corre- 
lated with the rocks of the Virgilina district. 

The rocks of this district are shown to be quite similar in many re- 
spects to the volcanics farther north in Virginia and Maryland of the 
Catoctin belt and of South mountain, a continuation of the Catoctin 
belt in Pennsylvania. Keith § has shown the rocks of the Catoctin belt 
to be pre-Cambrian—Algonkian—in age. Likewise Williams|| and 
Bascom €| have shown the series of both acid and basic volcanics of 
South mountain in Pennsylvania to be of the same age—Algonkian. 

The rocks _ the Virgilina district are, with few exceptions, shown to 
be highly schistose in structure, which is a secondary structure, and 


*Geology of North Carolina, Geol. Survey of N. C., 1875, vol. i, p. 122. 

tJour. of Geology, 1894, vol. ii, pp. 1-31. 

tGold Deposits of North Carolina, Geol. Survey of N. C., Bulletin no. 3, 1896, pp. 37-48; ibid., Bul- 
letin no. 10, 1897, pp. 15, 16. 

#Geology of the Catoctin Belt, 1th Ann, Rept., U. S. Geol. Survey, 1894, p. 319. See map, plate 
xxii, opposite p. 308. 

| Voleanie Rocks of South Mountain in Pennsylvania and Maryland, Am. Jour. Sci., 1892, vol. 
Xliv, pp. 493, 494; Jour. of Geology, 1894, vol. ii, pp. 1-31. 

€The Ancient Voleanie Rocks of South Mountain, Pennsvivania, Bulletin no. 136, U.S. Geol, 
Survey, 1896, p. 

* Jour, of Geology, 1893, vol. i, pp. 813-832. 
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indicates that the area has been subject to long-continued dynamo-meta- 
morphism. In view of these facts and in the absence of contradictory 
field evidence, the rocks are placed as pre-Cambrian in age. This is in 
accord with the work of Kerr and Holmes, who agree in assigning the 
rocks of this area to the Huronian (Algonkian),* and with that of 
Keith,+ Williams,{ and Bascom § for somewhat similar volcanics occur- 
ring to the north in Virginia, Maryland, and Pennsylvania. 

It further harmonizes with the work of Williams || and Nitze™] in 
the adjoining counties to the southwest of the Virgilina district, where 
similar rocks are described and classified as pre-Cambrian in age. Sub- 
sequent work will probably establish the contemporaneous origin of the 
rocks for the several scattered areas. 


CONCLUSIONS 


The principal points developed in this study may be summarized as 
follows : 

1. The rocks of the area here described have been greatly altered 
through pressure and chemical metamorphism, as indicated in the pre- 
vailing secondary schistose structure and the abundant development of 
the secondary minerals—chlorite, epidote, and hornblende—and small 
amounts of others. The alteration has advanced sufliciently far in the 
schistose phases to destroy in most cases the original structure and 
minerals of the rock. 

2. From structural, petrographic, and chemical evidences the rocks 
are shown to have been derived from an original andesite, but in their 
present much altered state they are, according to present usage, more 
properly designated meta-andesites; that these are intimately asso- 
ciated with the corresponding volcanic clastics. Furthermore, the pop- 
ular name greenstone applied to many areas of greatly altered massive 
and schistose rocks along the Atlantic Coast and Lake Superior regions, 
shown to have been derived from an original basic eruptive rock type, 
has equal application to the existing rocks of the Virgilina district. 

3. The rocks are pre-Cambrian in age and represent an area of 
ancient voleanics similar to others described as occurring along the 
Atlantic Coast region from eastern Canada to Georgia and Alabama and 
in the Lake Superior region. 

4. The rocks are cut by numerous approximately parallel quartz 
veins which contain workable copper deposits. The veins have been 
described as true fissure veins, and the ore is glance and bornite, with- 


Op. eit. 1 Op. eit. Op. cit. Op. cit. 9 Op. cit, 
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INTRODUCTION 


This catalog gives the titles of all the photographs which have been 
donated to the Society up to the end of May, 1902. It is arranged 
alphabetically by states and countries. The numbers are from 1 to 
1418. There is also a subject index with headings of some of the prin- 
cipal geologic phenomena under which the numbers and brief titles of 
the photographs are given in numerical order. 

The original number of photographs was 2,037, as given in catalogs 
of accessions published in the Proceedings from volumes 1 to 12. It was 
known for some time that the collection had become too bulky and con- 
tained a large amount of worthless material. On my suggestion a com- 
mittee was appointed, consisting of G. K. Gilbert, J.S. Diller, and myself, 
with authority to exclude the undesirable views. This was done in 1901, 
photographs being rejected only when there was unanimous agreement. 
By this means the collection was reduced to its present size. It was 
rearranged by states and renumbered; photograph No. 1 representing Ala- 
bama,and photograph No. 1359 concluding those under Wyoming ; then 
follow Nos: 1360 to 1418, including various miscellaneous views which 
could not be arranged geographically. Many minor changes were made 
in the arrangement of the prints so as to materially diminish their bulk. 
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The collection is now in excellent condition, stored in my office in the 
building of the U. S. Geological Survey, Washington, D. C., where it is 
safe from fire, and accessible to a larger number of geologists than it 
would be in any other locality. During my absence from the city in 
the summer months the keys to the two boxes containing all of the 
mounted photographs are deposited with the Chief Clerk of the Survey, 
who will give members access to the photographs. 

The collection includes a very large amount of fine material, suitable 
for illustrating geological reports, etc., and for lantern slides. About 
two-thirds of the negatives are the property of the United States Geo- 
logical Survey. These negatives have recently been numbered through- 
out. Their numbers are given in parentheses in this catalog, as well as 
having been placed on the photographs themselves, which will aid 
greatly in the ordering of prints or slides. All photographs ordered 
from Survey negatives should be designated by the name of the photo- 
grapher and the Survey number and not by the Geological Society of 
America’s number. Applications for prints and lantern slides should be 
made to the Director of the United States Geological Survey. Prints 
are obtainable at the following prices: 


Size. | Unmounted. | Mounted. 


Lantern slides will be made at the uniform rate of 50 cents each. In 
orders of 100 and over, the slides will be made for 45 cents each. 

The negatives given to the Society by the Second Geological Survey 
of Pennsylvania have been stored in the photograph gallery of the United 
States Geological Survey in Washington. and they may be ordered by 
Mr Harden’s numbers as given in this catalog. 

The Committee on Photographs desires to obtain additional material 
for the collection when itis of a character to clearly illustrate geologic 
phenomena, structural, stratigraphic, glacial, voleanic, or physiographic. 
General views of scenery which require explanation as to their geologie 
significance are not acceptable. 


ALABAMA 


Photographed by I. C. Russell 


8 by 10 inches. Negative in United States Geological Survey 


1. Falls of Black creek, near Gadsden, 100 feet high (No. 59). 


- 
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| the ALASKA 
it is 
; . Photographed by G. K. Gilbert ‘ 
it 
y in 5 by 7 inches. Negatives in United States Geological Survey 
the ®. Drowned foreland, Kadiak, Alaska (No. 399). a 
vey, 3. Cleavage in Yakutat shales, near Kadiak, Alaska ; more nearly vertical in ¢ 
argillaceous (darker) strata than in arenaceous (paler) strata (No. 395). P 
able 4. Drift-strewn surface, laid bare within twenty years by the Hugh Miller ' 
rout glacier, Glacier bay, Alaska (No. 281). e & 
100 5. Section of moraine ridge on Hidden glacier, Alaska, showing protection of ’ Pi 
ice from ablation by a veneer of drift (No. 370). ’ 
igh- 6. Freshly formed kettle hole in gravel derived from the Hidden glacier, : 
l as Alaska (No. 371). : 
aid 7. Gravel waste plain of the Hidden glacier, Alaska, showing incipient kettle e 
sred hole (No. 372). 
oto- 8. Push moraine of Crillon glacier, Alaska, showing disturbed forest (No. 333). re 
vel 9. Push moraine, made probably in 1892 by the Columbia glacier, Alaska (No. ; “ 
556). 
Ibe 10. Delta in Gastineau channel at Juneau, Alaska, as seen at low tide (Nos. 470 7 
ints and 471). h 
i Photographed by I. C. Russell, 1891 
od. 5 by 7inches. Negatives in United States Geological Survey * 
i: 11. Mount Saint Elias, from western end of Samovar hills (No. 551). 
ts 12. Southern face of mount Saint Elias (No. 539). si 
. 3. Ice cascade in Agassiz glacier, partially covered by new snow (no negative). 
ts 14. Cascade in the névé of Newton glacier (no negative). 
ts 15. Cascade in the névé of a tributary of Agassiz glacier (no negative). a 
16. Canyon on the Chaix hills (No. 400). a 
17. Marginal drainage, southern base of Chaix hills; looking westward (No. 541). be 
In 18. Mount Saint Elias, from Malaspina glacier south of Chaix hills (No. 544). 
19. Abandoned lake beds, south side of Chaix hills (No. 555). 4 
vey 20. Yahtse river, from above ice tunnel; looking southward (No. 543). 
ted 21. Yahtse river, issuing from a tunnel in Malaspina glacier (No. 552). 
by 22. Moraine-covered surface of Malaspina glacier, near point Manby (No. 548). 7 
23. Surface of central portion of Malaspina glacier (No. 550). ' 
- 24. View from southern margin of Malaspina glacier (No. 545). ; . 
‘ial 25. Sitkagi bluffs; southern margin of Malaspina glacier (No, 558). " 
gic 26. Surface of alluvial fan of the Yahtse; showing partially buried forest (No. F 
546). 
gic 27. Icebergs stranded at low tide; shore of Yakutat bay (no negative). 
28. Tree broken by recent advance of Malaspina glacier (No. 554). 1 
29. Vegetation about southern border of Malaspina glacier (No. 559). a a 
30. Southern margin of Malaspina glacier; showing forest growing on the 
glacier (No, 540). 
31. Second view of alluvial fan on esker stream (No. 542) , 3 
$2. Glaciated surface on Haenke island (No. 549). : % 
33. Vegetation on Malaspina glacier (no negative). ‘ & 
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Photographed by H. F. Reid, Johns Hopkins University, Baltimore, “Maryland, 1890 


Negatives in Professor Reid’s possession 


Nos. 51 to 65, 6x8 inches; Nos. 34 to 50, size 3x4, Kodak views. Professor 
Reid’s numbers are given in parentheses. (Some of these views are published in 
Professor Reid’s paper, ‘‘ Studies of the Muir Glacier,’’ in the National Geographic 
Magazine, volume 4, 1892, pages 19-84, plates 1-16.) 


34. 
. Western tributary of Muir glacier (No. 71). 
36. 
37. 


35 


Upper part of Dirt glacier (No. 132). 


Berg lake from lower down on Tree mountain (No. 120). 
View of second northern tributary behind mountains on the right; Black 
mountains on the left (No. 68). 


. Girdled glacier and Granite canyon (No. 40). 
9. Diorite peaks, from snow dome (No. 58). 
. Looking down main valley. Tree mountain inextreme right ; mount Young 


on extreme left (No. 47). 


. Rock basin on top of Nunatak, Muir glacier (No. 8). 
. Origin of western subglacial stream; ridge at end of glacier (No. 103). 
3. View from north, showing mouths of Girdled glacier and Granite canyon 


(No. 22). 


. Ice-front of Muir glacier from the west (No. 30). 

. Ice-front of Muir glacier. 

i. Tee-front of Muir glacier, nearer view (No. 85). 

. Morainal ridge (No. 104). 

3. Moraine coming out of main valley (No. 128). 

. Big rock on moraine (No. 131). 

. Another view of cone of round stones (No. 154). 

. Ice-front of Muir glacier and delta of western subglacial stream (No. 207). 
. Mounts Chase and Wright and Muir glacier (No. 200). 

. Ice-front of Muir glacier (No. 205). 


Ice-front of Muir glacier, from Camp Muir (No. 206). 


. White glacier, mount Chase on right (No. 214). 

3. Mount Wright, from shoulder of mount Chase (No. 203). 

. Mount Young (No. 216). 

. Buried forest, looking eastward, mount Chase in the distance (No. 221). 


suried forest, looking westward (No. 220). 


30. Moraine near end of Muir glacier (No. 213). 
. Limestone mountain and stranded iceberg, about 10 miles south of Muir 


glacier bay (No. 217). 


. Part of ice-front of Muir glacier and stranded ice (No. 208). 

. Wing of Muir glacier overriding roughly stratified deposits (No. 209). 
. A stranded iceberg ; a nearer view than 63 (No. 210). 

. Pinnacles at the end of Muir glacier (No. 211). 

. Glacier draining into tidal inlet (No. 258). 

. Mount Chase (No. 303). 

. Mount Young (No. 305). 

. Muir glacier, from Caroline shoals (No. 512). 

0. Rounded limestone on Drake island (No. 333). 

. Geikie glacier, Hugh Miller inlet (No. 354). 
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72. Mountains between Tidal and Queen inlets; from across the bay, looking 
northeast (No. 362). 

73. View in Hugh Miller inlet (No. 364). 

74. First northern tributary of Muir glacier (No. 374). 

75. Mount Wright (No. 380). 

76. Muir glacier (No. 381). 

77. Junction of Girdled with Muir glacier (No. 385). 

78. Junction of Girdled with Muir glacier (No. 389). 

79. Mount Fairweather; upper part of Glacier bay (No. 398). 

80. Looking up Rendu inlet, from Halfbreed island (No. 407). 

81. Carroll glacier (No. 410). 

32. Glacial scratches at the north end of Sebree island (No. 415). 

83. Muir glacier and mount Case; looking eastward (No. 414). 

84. Stream terraces at end of Muir glacier (No. 418). 

85. Ice-front of Muir glacier (No. 420). 


Photographed by J. Stanley-Brown, 1318 Massachusetts Avenue, Washington, D. C. 
64 by 83 inches. Negatives in possession of Mr. Stanley-Brown 


86. Lava flows, Saint Paul island. 
87. Sea-dissected cinder cone, Saint Paul island. 
88. Crater lake, 300 feet above sea, Saint Paul island. 


Photographed by F. C. Schrader, 1898-1899 
5 by 7 inches. Negatives in United States Geological Survey 


89. Down Gens de Larg river from sand dune; looking southeast (No. 7). 

9. Till Bluff terrace, from north shore of Gens de Larg river, 75 miles above 
mouth of river; looking east (No. 24). 

91. Juneau, from rear edge of town; looking southwest across Castinyas channel 
to Treadwell mines, on Douglas isfand (No. 243). 

92. Faulted graywacke, shale, and sandstone in young rock series; looking west 
(No. 249). 

93. Valley tributary to the Gens de Larg river, 112 miles above its mouth ; look - 
ing west by south (No. 42). 

#4. Lower side of gulch and topography above Green mountain, in the middle 
of valley, about 180 miles above mouth of river; looking northeast (No. 
107). 

95. Dark limestone, with schistosity and quartz, 1,896 miles above mouth of 
Gens de Larg river; looking southwest (No. 113). 

%. Gens de Larg rapids, 128 miles above mouth of river; looking northeast (No. 
58). 

97. Chugatch mountains. Sheep mountain (4,200 feet) and vicinity, on south 
side of Port Valdes, above Swanport, from Giant Rock island; looking 
east (No. 20). 

98. Valdes and mountains on north, mount West in right, from east beach and 
foot of delta (No. 42). 

99. Dyea, mouth of valley and mountains on east, from roadside bluff south of 
bridge (No. 2). 

100. Range along north shore of Port Valdes, from Potato point (No. 18), 

101, Foot of Valdes glacier, showing moraine-covered ice (No, 76), 
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Port Valdes. Pack train (Lowe’s) ascending terminal moraine in front of 
Valdes glacier; looking up (No. 66). 

Valdes glacier. Section of crevasse and ridge; ice topography, with moun- 
tains in east 2 miles distant, and elevated serac feeder in right, from Govy- 
ernment trail on west edge of glacier; looking across the glacier (No. 72), 


. Looking south from Valdes over glacial delta to Chugatch mountain (Nos. 


85 and 86). 

106. Summit of Valdes glacier, near Klutena glacier. 

Klutena river at Devils elbow (No. 103). 

Silt bluffs on east side of Klutena river, from terrace on west, 150 feet above 
river; looking across the valley and river (No. 100). 


. Mount Drum in center and Tillman in extreme right. Copper River district 


(No. 115). 

Looking down the Copper river, showing mountains below Chettyna (No. 
120). 

Mount Blackburn, mouth and delta of Chettyna river (No. 137). 

“Stick” natives—family, dogs, house, and fish racks (No. 159). 

Dewey creek, and topography opposite Konsina on the east side of Copper 
river (No. 147). 

Foothills and mountains on Copper river, above Tasnuna (No. 161). 


5. Cleve valley from moraine near foot of glacier (No. 150). 


Foot of Woods canyon on Copper river, looking up stream. 

Plateau and mountains near head forks, Gens de Larg river; from Fork 
point, about 7 miles above camp 28, at mouth of Portage creek, or 204 
miles above mouth of river; looking east- northeast (No. 122). 

View up Portage creek and canyon, near mouth of Portage creek, 194 miles 
above mouth of river; looking south-southwest (No. 159). 

Down Gens de Larg River valley, at mouth of Portage creek, 193 miles above 
mouth of river (Nos. 118-119). 

Mountains of limestone and mica-schist, down north side of Robert creek; 
from Horace peak, 6,000 feet, on headwaters of Koyukuk river, 652 miles 
above its mouth ; looking north-northwest (No. 174). 

Mountains of limestone and mica-schist, down north side of Robert creek; 
from Horace peak, 6,000 feet, on headwaters of Koyukuk river, 652 miles 
above its mouth ; looking southwest (No. 172). 

Mountainous region, on headwaters of Koyukuk river. 

On Tasnuna river. Front of Woodworth glacier. Shows topography of 
moraine-covered ice-front (No. 181). 


. Woodworth glacier near foot, where cut by Tasnuna river (No. 185). 


Tasnuna river at foot of First glacier (No. 179). 


3. On Tasnuna river. Quartz gash veining in blue quartz schist bedrock, } 


mile above canyon; looking north (No. 195). 

Beginning of clay and gravel bluffs in Middle fork, Koyukuk river, above 
mouth of Baker creek, 606 miles above mouth of Koyukuk river; looking 
northwest (No. 220). 

Limestone ridge and gully ; weathering. On north side of Bettles river, 6% 
miles above the mouth of Koyukuk river (No. 196). 

130. Mountains of limestone and mica-schist on east side of Diedrick river, on 
Fault mountain, 5,400 feet; looking east. Faulting of limestone in right 


(No. 213, panorama), 
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131. Canyons in young rock series, | mile below Tramway bar ; looking north- 
west (No. 242). 

132. Sluicing the gold placers by Elsingson party on claim 11, Myrtle creek ; look- 
ing north-northeast (No. 229). 

133. Gold-bearing schist, showing cleavage and attitudes of rock in bed of Myrtle 
creek ; looking northeast (No. 224). 

134. Young rock series of sandstone and conglomerate with some lignite, 8 miles 
above camp 38; looking west-northwest (No. 258). 

135. Elephant mountain ; from 3 miles above mouth of Koyukuk river; looking 
southwest (No. 377). 

136. View down Koyukuk river, showing low plateau topography, ripple-marks, 
and native village in distance; 135 miles above mouth of river (No. 353). 

137. View down Yukon river, showing Nulato plateau, from 4 mile above edge 
of flats, on right bank of Yukon, between Koyukuk station and Pickart’s 
coal mine; looking southwest (No. 390). 

138. Up Koyukuk river, showing flats with rock plateau and mountains in rear ; 
26 miles above mouth of river; looking west-northwest (No. 370). 

139. Bergman and edge of young rock series plateau ; opposite Bergman ; lowking 
north-northwest across Koyukuk river (No. 280). 

140. Mountainous topography of Nome River valley (No. 433). 

141. Snake River valley in vicinity of Nome, showing merging of tundra into 
alluvium (No. 438). 

142. Part of Nome tundra, Nome Sledge island and Bering sea in distance (No. 
424). 

143. Edge of tundra and beach of Nome (No. 442). 

144. Nome beach diggings (No. 440). 

145. Nome beach gravels, auriferous rnby sand at base (No. 443). 

146,147. View across Glacier creek, valley of upper Snake river near Nome. 

148. Anvil Creek valley near Nome. Bering sea and tundra in distance. 

149. Anvil Creek diggings, Nome. 


ARIZONA AND New Mexico 
Photographed by W. Jackson, Detroit, Michigan 
Lantern slides, 50 cents each 


150. Grand canyon of the Colorado. Size, 21 by 74 inches; mounted, $17.50; 

not mounted, $15.00. 
Photographed by J. K, Hillers 

Il by 14 inches. Negatives in United States Geological Survey 

151. Grand canyon of the Colorado at the foot of the Toroweap, in Arizona. The 
outer canyon, of which only the northern wall is seen, is here 5 miles 
wide and 2,000 feet deep. The inner gorge, cut in the floor of the outer 
one, is 3,000 feet deep and from 3,500 to 4,000 feet wide from crest to crest. 
Published in Tertiary History of the Grand Canyon District, by Captain 
C. FE. Dutton, page 86 (No. 80). 

152. Shinimo altar from the brink of Marble canyon of the Colorado river, Ari- 
zona (No. Sl). 

153. Canyon de Chelly, Arizona (No. ILS), 
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154. Walnut canyon, Arizona. Bedding and cross-bedding. Ruins of cliff dwell- 
ings on the left (No. 130). 
155. Navajo church near Fort Wingate, New Mexico. Prominent columns of 


erosion, cross-bedding (No. 122). 
Photographed by Cosmos Mindeleff 
8 by 10 inches 


156. Fault in caleareous clays and sands, eastern side of Rio Verde, 8 miles below 
Camp Verde, Arizona (negative not available). 


CALIFORNIA 
Photographed by J. K. Hillers 
11 by 14 inches. Negatives in United States Geological Survey 


157. Big trees, Mariposa (No. 50). 
158. Yosemite Falls cliff (No. 38). 
159 The Sentinel, Yosemite valley (no negative). 
160. El Capitan, looking southeast (No. 44). | 
161. El Capitan, looking west, Yosemite valley (No. 41). 
162. Washington column, Yosemite valley (No. 46). | 
163. Home of the Storm Gods, Yosemite valley (no negative). 
164. Three Graces, Yosemite valley (No. 37). 
. 165. Royal Arches, Yosemite valley (No. 36). 
166. Royal Arches (No. 35). 
167. Home of the Storm Gods, Yosemite valley (No. 43). 
168. Yosemite valley, general view (No. 40). 
169. El Capitan from the trail, Yosemite valley (No. 49). 
170. Cathedral Spires, Yosemite valley (No. 34). , 
171. Shingle, Yosemite valley (No. 42). 
72. Yosemite Falls cliff (No. 48). 
173. Three Brothers, Yosemite valley (No. 39). . 


Photographed by W. I. Jackson, Detroit, Michigan 
21 by l6 inches. Price, $2.50, mounted ; $2.00, unmounted ; lantern slide, 50 cents 


174. South dome; from Glacier point, Yosemite valley (No. 1344). 


Photographed hy Watleott : 
’ 5 by 7 inches. Negatives in United States Geological Survey l 
175. Granite point near trail and glacial lake on Conness Peak trail, Yosemite . 
National park (No. 349). i 
176. Granite showing effect of cleavage fractures in producing forms of erosion, I 
Conness Peak trail, Yosemite National park (No. 350). 
177. The dome above Nevada falls, Yosemite National park (No. 363). 
178. Domes above Nevada falls, Yosemite National park (No, 3646). 
170. Liberty cap, above Nevada falls, Yosemite National park (No. 365¢c). 
Isv. Fractures in granite at base of Liberty cap, Yosemite National park (No. 366), Is 
Isl. Vernal falls, Yosemite National park (No. 368). 


Isz. Cliffs above Mirror lake, Yosemite National park (No. 374/), 
183. The arches, Yosemite valley (No. 576), 
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Photographed by H. W. Turner 
64 by 83 inches. Negatives in United States Geological Survey 


Crescent lake, in the Yosemite National park. The morainal dam which 
has formed the lake is shown, the outlet being in the middle, where the 
driftwood has accumulated (No. 110). 

View from near Sentinel dome, in the Yosemite National park, showing the 
“anyon of Tenaya creek and the roches-moutonnées-like surface of the 
plateau north of Yosemite valley (no negative). 


. Rock basin in biotite-granite. Ridge south of Morrison creek, in the Yo- 


semite National park. The diameter of the basin is about 1 meter and its 
depth about 15 centimeters. They are formed by atmospheric agency 
without aid of running water (no negative). 

Showing the weathering of biotite-granite on ridge south of Morrison creek, 
a branch of the Tuolumne river, in the Yosemite National park. On the 
boulder to the left may be seen several little rock basins which by growth 
have coalesced (no negative). 

Exfoliating granite east of Royal Arch lake, which drains into the South 
Merced river, in the Yosemite National park (No, 112). 

Exfoliating granite on slope northwest of Grouse lake, in the Yosemite Na- 
tional park. The different steps formed by the layers are all glaciated, 
showing that the exfoliation took place before the final retreat of the ice 
(No. 111). 

Exfoliating granite on slope northwest of Grouse lake, in the Yosemite Na- 
tional park. The large boulders in the foreground are polished on their 
upper surface and have been fractured and moved by frost and heat into 
their present position since the retreat of the ice (No. 109). 


. Boulder of an igneous pudding-stone on north ridge of Yosemite valley. It 


is composed of nodules of diorite cemented by biotite-granite. The meas 
ure is 25 centimeters long (no negative). 
Granite striated and polished by the ice, near Jolinson lake, in the Yosemite- 


National park (No. 113). 
Photographed by J. K. Hillers 
11 by 14 inches. Negatives in United States Geological Survey 
Kings river, California (No. 57). 
The Jungle, Kings river, California (No. 58). 
Moores cliff, Kings river, California (no negative). 
Cabin point, Kings river, California (No. 55). 
Junction cliff, Kings river, California (no negative). 
Sentinel cliff, Kings river, California (No. 56). 
Photographed by or for J. S. Diller, 1884 


8 by 10 inches. Negatives in United States Geological Survey 


. Mount Shasta from the western base, near the railroad station at Sissons 
(No. 24). 
Mount Shasta from the north, after the first snowfall of September, 1884. 
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Near view of mount Shasta from the north. Mount Shasta on the left is 
2,000 feet higher than Shastina on the right. The gray pile at the foot of 
the snow between them is the terminal moraine of the Whitney glacier, 
To the left of this is the terminal moraine of the Bulam glacier (No. 40), 


. Whitney glacier, crevasses and moraine, northwestern slope of mount Shasta 


(No. 36). 


. Bulam glacier and moraine, northern slope of mount Shasta (No. 32). 
. Mount Shasta from the east (No. 56). 


Hotlum glacier and moraine, eastern slope of mount Shasta (No. 64). 
Glaciated rocks, southeastern slope of mount Shasta (No. 77). 


. Moraine of late glacial field at western base of Lassen peak, California (No, 


216). 
Glacial strie, north Yallo Bally mount, Coast range, California (No. 38a), 


Photographed by J. 8. Diller 


8 by 10 inches. Negatives in United States Geological Survey 


Nos. 200 to 215 are published in the Bulletin of the Geological Society of America, 


volume 1. 


209. 


210. 


211. 


213. 


Sandstone dike penetrating Cretaceous shales, Dry creek, Teliama county, 
California. The dike is 18 inches thick and has well developed parallel 
and transverse joints (No. 100). 

Cireat sandstone dike on Roaring riverabove Drews. The dike is 5 feet thick 
and can be traced about 9 miles (No. 101). 

Lateral view of a wall-like sandstone dike on Crow creek, Shasta county, 
California. The transverse joints in the dike are parallel to plane of bed- 
ding in the shales seen at the right. The exposure is 20 feet high (No. 
1038). 


. Sandstone dikes cutting Cretaceous shales on Roaring river, Shasta county, 


California. The larger dike is 12 inches and the other 6 inches thick 
(No. 104). 

Group of sandstone dikes on north fork of Cottonwood creek 1 mile above 
Gas point, Shasta county, California. The largest dike is 4 inches thiek 
(No. 105). 


. Sandstone dike occupying a joint in Cretaceous shales, 1 mile above Gas 


point, on the north fork of Cottonwood creek, Shasta county, California. 
The dike is 4 inches thick (No. 106). 
Lateral view of sandstone dike, Dry creek, Tehama county, California (No. 


107). 
Sandstone dike penetrating Cretaceous sandstones and shales, Dry creek, 
Tehama county, California. The dike is 10 inches thick below (No. 108). 


Photographed by I. C. Russell 


8 by 10 inches. Negatives in United States Geological Survey 


Mostly published in the Eighth Annual Report of the United States Geological 


Survey. 
Towers of calcareous tufa formed by sublacustral springs, shore of Mono 
lake, California (No. 67). 
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ft is 218. Perched boulder, near Jura lake, Mono valley, California (No. 36). 
vot of 219. Joints in granite, mount Lyell, California (No. 56). ‘ 
acier. 220. Gibbs canyon, from Williams butte, Mono valley (No. 32). 
. 40). 221. Bloody canyon, south of Mono lake (No. 79). 
hasta 222. Lake canyon, near Mono lake. Partially refilled after being glaciated (No. . 
70). 
223. Mount Lyell, from the Tuolumne meadows, California (No. 52). 
224. End of Obsidian flow, Mono craters, Mono valley, California (No. 62). . 
225. Mono crater, from the south (No. 61). e 
226. Eolian erosion in rhyolite, Mono valley (No. 92). 
(No. 227. Tuolumne valley, California, showing upper limit of ancient glacier (No. 87). 
228. Mount Dana, California, from tHe west. A small glacier on northern slope, 
t), glaciated country to the right (No. 74). 


229. Mount Dana glacier, northern side of Mount Dana (No. 45). 
230. Mount Dana glacier, northern side of Mount Dana (No. 46). 
231. Mount Dana glacier, northern side of Mount Dana (No. 49). 
232, 233. Double plate. Mount Lyell glacier, northern side of Mount Lyell, Cali- 


arica, fornia (Nos. 53 and 51). . 
234. Glaciated dome in Tuolumne valley, California. _ ‘ 
anty, 285. Contorted lake-beds near southern margin of Mono lake, California (No. 41). - 
rallel 
Photographed by J. 8. Diller 
8 by 10 inches. Negatives in United States Geological Survey. 
unity, 236. Burney falls, Shasta county, California. The upper portion of the falls is 
’ bed- over basalt and the lower portion over infusorial earth (No. 2354). 
(No. 237. Deposit of infusorial earth 110 feet thick near Great bend of Pitt river, Shasta 
county, California. 
unty, 238. Hydraulic mining, Cherokee Flat, Butte county, California (No. 159a). 
thick 239. Lava-capped river bed of the ancient Sacramento, near Delta, California. % 
The embankment midway between the river below and its ancient bed , 
hove beneath the lava above is occupied by a railroad. The lava stream is F 
thick from Mount Shasta and it follows the canyon of the Sacramento for nearly 4 
50 miles (No. 97). ‘ 
» Gas 
rnia. 
Vo Lcantc Eruption IN NORTHERN CALIFORNIA 
(No. Photographed hy J. S. Diller é 
reek, 8 by 10 inches. Negatives in United States Geological Survey 
aad Nos. 240-251 are published in Bulletin 79, U. S. Geological Survey. ’ 
240. Model of cinder cone, lava field, and ash-covered slopes. The cinder cone 
is 640 feet high, the crater is 240 feet deep, and the lava field is about 3 é 
miles long. Snag lake, at the left end of the lava field, was formed by ‘ 
ogical the lava dam (No. 241). ag 
241. Lava field and cinder cone, looking southwest across Lake Bidwell; Lassen bi | 
Mono peak in the distance (No. 280). ‘ 
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242. The cinder cone from the south, earlier lava partly covered by voleanie sand, 
The dead trees extend down 7 feet through the volcanic sand to the orig- 
inal soil beneath (No. 245). 

243. The cinder from the east. Earlier lava near the cone is covered by volcanic 
sand; later lava in the foreground uncovered (No. 247a). 

244. The lava field looking southeast from the base of the cinder cone toward 
Snag lake (No. 273). 

245. Volcanic bombs at the base of cinder cone; the largest is 8 feet in diameter 
(No. 248). 

246. Surface of lava field; breaking of the lava crust (No. 272). 

247. The tree projecting from beneath the lava was pushed over by the advane- 
ing lava. The dead tree on the left extends 10 feet down through the 
coating of voleanic sand to the original soil beneath. The living trees, 
some of which are about 200 years old, have grown up entirely since the 
eruption (No. 275). 

248. Lava dam which formed Snag lake at the time of the eruption and drowned 
the trees whose stumps are seen in the lake (No. 267). 

249. Snag lake, with lava dam in the distance and the stumps of drowned trees 
in the foreground (No. 266). 

250. Lava front at the corner of Snag lake (No. 268). 

251. Near view of lava blocks on edge of lava field. The lava is basalt, which is 
remarkable in containing numerous phenocrysts of quartz, uniformly 
distributed throughout the mass. The white spots seen in the lava are 
quartz (No. 271). 

252. Hand specimen of quartz basalt from lava field near Snag lake. The white 

spots are quartz (No. 269). 


Photographed by C. D. Walcott 


6} by 83, excepting Nos. 270, 272-274, which are 5 by 7 inches. Negatives in the 
United States Geological Survey 


253. Overturned fold in Cambrian quartzites, north side of Silver canyon, White 
Mountain range, Inyo county, California (No. 213). 

254. Cambrian quartzites showing vertical cleavage of the strata. Soldiers can- 
yon, Deep Spring valley, Inyo county, California; White Mountain range 
(No. 2150). 

255. Lower Cambrian quartzites showing vertical cleavage in massive layers and 
interbedded thin layers without cleavage. Soldiers canyon, above Deep 
Spring valley, White Mountain range, Inyo county, California (No. 217). 

256. Lower Cambrian quartzites showing vertical cleavage in massive layers and 
interbedded thin layers without cleavage. Soldiers canyon, above Deep 
Spring valley, White Mountain range, Inyo county, California (No, 2174). 

257. Nearer view of quartzite cliff on south side of Soldiers canyon, above Deep 
Spring valley, White Mountain range, Inyo county, California (No. 216). 

258. View of low hills 1 mile southwest of Antelope springs, Deep Spring valley, 
Inyo county, California ; showing synclinal in Cambrian limestones resting 
on quartzites (No. 224e). 

259. View of granitic mountain range on side of Deep Spring valley, Inyo county, 
California (No. 226d). 
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. Overlooking granite area on east slope of White Mountain range, from near 


divide on road leading from Deep Spring valley, California, to Fish Lake 
valley, Nevada (No. 228¢c). 


. View of Deep Spring valley, Inyo county, California ; showing folded Cam- 


brian strata on northwestern side of valley, as seen from the west (No. 
225a). 


. The Sierra Nevada from Alvord station, 2 miles east of Big Pine, Inyo 


county, California (No. 2020). 

Outline of crest of Sierra Nevada west of Big Pine, Inyo county, California ; 
from Tollgate canyon, White Mountain range (No. 2010). 

Panoramic view of a section of the White Mountain range north of road 
passing from Big Pine, Inyo county, California, to Deep Spring valley 
(No. 2276). 

Different view, but same label as 266 (No. 208d). 


. Panoramic view of White Mountain range, Inyo county, California; from 


foothills of Sierra Nevada, looking across Owens valley (No. 207). 


7. White Mountain range directly east of Alvord station and north of Tollgate 


canyon, Inyo county, California (No. 207»). 


. Granite boulders resulting from the disintegration of massive granite, east- 


ern slope of Sierra Nevada, 3 miles west of Big Pine, Inyo county, Cali- 
fornia (No. 205b). 

Granite boulders resulting from the disintegration of massive granite, east- 
ern slope of Sierra Nevada, 3 miles west of Big Pine, Inyo county, Cali- 
fornia (No. 205a). 


. Hill on north side of Deep Spring valley, Inyo county, California ; showing 


strongly marked cleavage in granite (No. 220a). 


. Plicated layers of thin bedded chert in limestone etched by erosion. 


Lower (?) Cambrian (?) Hill 2 miles west of Big Pine, Inyo county, Cali- 
fornia (No. 206)). 


2. View of end of ridge, illustrating faulting and thrust beds of Cambrian lime- 


stone and quartzitic sandstone, Waucobi canyon, Inyo range, California, 
about 3 miles above mouth of canyon (No. 496). 


3. Nearer view of a portion of the strata shown by No. 272 (No. 497). 
. Western side of thrust plane seen in south wall of Devils gate, Inyo range, 


California (No. 498a). 


. View near headwaters of north fork of Big Pine creek, Sierra Nevada moun- 


tains, Inyo county, California (No. 501e). 

Granite peak, rising from the south side of the divide, head of north fork 
of Big Pine creek, Sierra Nevada mountains, Inyo county, California 
(No. 504). 


. Broken granite peak rising from the north side of divide on north fork of 


Big Pine creek, Sierra Nevada mountains, Inyo county, California (No. 
505). 

View of upper lake on north fork of Big Pine creek, Sierra Nevada moun- 
tains, Inyo county, California (No. 507). 


. Folded limestone and intruded quartzitic sandstones, south side of Devils 


gate, Waucobi canyon, Inyo range, California (No, 511). 


ind. 260 
anic 
eter 
263. 
ane- 264. 
the 
ees 
the 265. 
ned 
rees 
th is 
are 
hite 
| 
27 
ange 
a 
and 
Jeep 276. 
7). 
and | 
deep 
7d). 
Jeep 
278. 
= 


280. 


281. 


282. 


283. 


284 


285. 


286. 


287. 


288. 


289. 


290. 


291. 


292. 


293. 


295. 


296. 


N. H. DARTON—CATALOG OF PHOTOGRAPHS 


Photographed by H. W. Turner 
5 by Sinches. Negatives in United States Geological Survey 


Laminated and roughly columnar fine grained pyroxene-andesite. Franklin 
Hill (Bidwell Bar atlas sheet), California. See Journal of Geology, vol- 
ume iii, page 410 (No. 12). 

Potholes in the granite of the canyon of the north fork of the Mokelumne 
river, California. See American Journal of Science, volume xliv, page 
453 (No. 31). 

Farewell gap, at the head of the drainage of a branch of the middle fork of 
the Kaweah river, Tulare county, California. In the southern Sierra 
Nevada. Elevation of the gap, about 10,500 feet (No. 20). 

The shattered granite crest of the Sierra Nevada, about 6 miles southeast of 
‘Tower peak, in Tuolumne county, California (No. 47). 

Glaciated canyon north of lake Eleanor, Tuolumne county, California, show- 
ing the roches moutonnée. All the rock is granite (no negative). 

Granite bank west of Granite lake, Tuolumne county, California, showing 
basic nodules in the granite and dikes of aplitic granite (granulite of Levy) 
cutting both the main granite mass and the included nodules. See lth 
Annual Report U. 8. Geological Survey, page 480 (No. 46). 

Basic (black hornblende and some feldspar) inclusions in porphyrite (altered 
andesite) dike by the middle fork of the Feather river. Sierraville atlas 
sheet (no negative). 

Basaltic dikes in andesitic breccia on ridge south of Poker flat, Sierra county, 
California. Downieville atlas sheet (no negative). 

Old andesite (porphyritic) tuffs west of the Salmon lakes, Sierra county, Cali- 
fornia; showing joint structure. The tuffs are of Jura-Trias age (No. 3). 

Exfoliating granite; view on the crest of the Sierra Nevada about 3 miles 
south of Raymond peak, Markleeville atlas sheet. See 14th Annual Re- 
port U. S. Geological Survey, page 481 (No. 23). 

Wind ripples in the sand near west entrance to Golden Gate park, San Fran. 
cisco (no negative). 

Wind ripples in the sand near north entrance to Golden Gate park, San 
Francisco (no negative). 

Caseades hydraulic gold gravel mine, showing the deposits of a Tertiary 
river, east slope of the Grizzly mountains, Plumas county, California, 
Downieville atlas sheet (No. 10). 

Fault scarp and depressed block to the east of it, at the head of Dogwood 
creek, Plumas county, California, Bidwell Bar atlas sheet (No. 15). 

Neocene shore gravels resting unconformably in a water-worn surface of the 
lone sandstones, 3 miles southeasterly from Buena Vista, Amador county, 
California, Jackson atlas sheet ( No. 16). 

Wind ripples in sand by north entrance to Golden Gate park, San Francisco 
(no negative). 

Ione formation capped by Pleistocene gravels; south bank of Mokelumne 
river, just east of the Comanche bridge, Calaveras county, California, 
Jackson atlas sheet (No. 17), 
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CALIFORNIA 093 


. Porphyritic granite near Granite lakes, Toulumne county, California. The 


larger potash feldspars are 2 inches long (no negative). 


. Glaciated granite about 6 miles north of Hetch-hetchy valley, looking north, 


Tuolumne county, California (No. 37). 


. Granite lake, Tuolumne county, California; showing the glaciated surfaces 


(No. 45). 


. Glaciated knob of columnar hornblende andesite, 3 miles west of Silver peak, 


Alpine county, California, Markleeville atlas sheet (No. 27). 
Vertical fissures in granite, north of Charity valley, Alpine county, Califor- 
nia, Markleeville atlas sheet (No. 26). 


2. Moraines north of Pleasant valley, Alpine county, California. The valley 


lies immediately south 600 feet lower than the moraines seen in the middle 
of the picture, Markleeville atlas sheet (no negative). 

West peak of mount Raymond, Alpine county, California, from Indian valley. 
The peak is composed of hornblende pyroxene andesite breccia, Marklee- 
ville atlas sheet (No. 25). 

The summit of the Sierra Nevada, near Tower peak, Tuolumne county, Cali- 
fornia (No. 33). 

The crest of the Sierra Nevada, Tower peak (No..34). 

Summit of the Sierra Nevada near Tower peak, Tuolumne county, California. 
View taken in July (No. 32). 

From Charity valley, Alpine county, California; showing the fissures and 
glaciated granite, with lavas on the ridge tops ; Hawkins peak (hornblende- 
andesite) in the distance, Markleeville atlas sheet (no negative). 


CANADA 
Photographed by Dr George M. Dawson 
64 by 8} inches. Negatives in Geological Survey of Canada 


Fraser river at Fountain, British Columbia (No. 57, September 16, 1889). 


. Part of the interior plateau of British Columbia, looking southeastward from 


Porcupine ridge (No. 79, August 27, 1890). 


. Glaciated surface of basalt (No. 77, August 26, 1890). 
. Gorge of Elk river, B. C. (No. 31, 1883). 


Glacier and snow-field at head of Red Deer river, Alberta (No. 50, September 
23, 1884). 

Folded cretaceous rocks, headwaters of Cascade river, Alberta (No, 41, Sep- 
tember 20, 1884). 

Bluffs on Pelly river, Lethbridge, Alberta (No. 17, June 27, 1883). 


Photographed by J. B. Tyrrell 
63 by 83 inches. Negatives in Geolog:al Survey of Canada 


View northward along one of the upper Agassiz beaches, Manitoba (No. 10 
1887). 

Swampy island, lake Winnipeg, Manitoba (No. 6, 1889). 

Swampy island, lake Winnipeg, Manitoba (No, 9, 1889). 
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Upper limestone of the Devonian, Swan lake, Manitoba (No. 88, 1889). 

Dakota sandstone, near an old lake Agassiz shore line, Kettle hill, Swan 
lake, Manitoba (No. 96, 1889). 

Ice-pressed boulder pavement, southern shore of Red Deer lake, Saskatch- 
ewan (No. 103, 1889). 

Cliff of Niagara dolomite, Cedar lake, Saskatchewan (No. 30, 1890). 

Trenton limestone, northwest shore of lake Winnipeg (No. 50, 1890). 

Laurentian gneiss, southern shore of Little Play Green lake, in front of 
Norway house. 

View of cliff on northern side of Deer lake, lake Winnipeg, Manitoba (No, 
2, 1890.) 

Photographed by T. C. Weston 


64 by 84 inches. Negatives in Geological Survey of Canada 


Magdalen river and bay, lower Saint Lawrence (No. 13, 1879). 

Lower Helderberg rocks, Arisaig, Nova Scotia (No. 9, 1873). 

Lower Helderberg rocks, Arisaig, Nova Scotia (No. 8, 1873). 

Carboniferous rocks, southern shore, Joggins, Nova Scotia (No. 21, 1879), 

Lower Cambrian rocks, ‘‘ The Ovens”, Lunenburg county, Nova Scotia (No. 
14, 1879). 

South Saskatchewan river; Northwest Territory (No. 8, 1889). 

Pre-Cambrian contorted schists, Shipton, Maine (No. 11, 1873). 


Photographed by R. W. Elis 
ll by l4 inches. Negatives in Geological Survey of Canada 


Twisted gneiss, southern shore of Ottawa river, opposite Montebello. 
Twisted gneiss, southern shore of Ottawa river, opposite Montebello. 
Twisted gneiss, southern shore of Ottawa river, opposite Montebello. 
T'wisted gneiss, northern shore of Ottawa river, opposite Papineauville. 
Twisted gneiss, northern shore of Ottawa river, opposite Papineauville. 


Photographed by H. G. Bryant, Philadelphia, Pennsylvania 
Views of the Grand river and falls of Labrador. 44 by 3} inches 


Rapids above the falls. 

Brink of the falls. 

The Grand falls of Labrador. 
Looking up stream above the falls. 
Canyon below the falls. 


Photographed by C. D. Walcott 


63 by 83 inches. Negatives in United States Geological Survey 


2. Conception bay, Newfoundland (No. 58). 

Falls on Manuel’s brook, Conception bay, Newfoundland (No. 57). 

. Anticlinal in Lévis terrace, on roadside leading up the bluff above Lévis 
railway station, province of Qluebec, Canada (No. |4), 
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CANADA 395 


. Southern shore of Saint Lawrence river, 9 miles below Quebec, Canada. 


Plication of shales and sandstones of Sillery terrace (No. 16). 


}. Cherty layers interbedded in Sillery shales, 8 miles below Quebec, Canada, 


on the southern side of Saint Lawrence river (No. 18). 


. Unconformable contact of gneiss and Trenton limestone, } mile from Mont- 


morency falls, Canada (No. 13). 


. Fault between Archean gneiss and Trenton limestone and Utica shale, just 


south of Montmorency falls, Canada (No. 11). 


. Conglomerate of limestone, quartz, trap, etcetera, boulders, situated about 


1,500 feet down in Sillery red shales, 5 miles below Quebec, Canada, on 
south shore of Saint Lawrence river. Dr R. W. Ells, of the Geological 
Survey of Canada, in view (No. 21). 


Photographed by S. R. Stoddard, Glens Falls, New York 


5 by 8S inches. Price 50 cents each 


. Imbricating beach pebbles, at low tide in the bay of Fundy, 20 miles east of 


Saint Johns, N. B. (No. 1378). 


. Entrance to harbor of Saint John, N. B. (No. 1375). 

. Locality same as 351, *‘ falls’’ at flood tide (No. 1374). 

. Low tide in the basin of Minas, Nova Scotia (No. 1398). 
. Low tide in the basin of Minas, Nova Scotia (No. 1399), 


CENTRAL AMERICA 
Photographed by R. T. Hill 


5 by 7 inches. Negatives in United States Geological Survey 


. Costa Rica. Ira Zu volcano; ascent; outer view of crater (No. 37). 
. Costa Rica. Ira Zu voleano; outer view of crater, composed of rolling cin- 


der (No. 38). 


7. Costa Rica. Ira Zu voleano ; detail of slope of ancient floor of large crater 


within crater, showing one stratum of black lava in great mass of cinder 
accumulation (No. 46). 
Hicaron island, in Pacific ocean, showing topographic features and modern 
erosion described by Mr Hill in paper on Panama. 
4 by 5 inches 


Costa Rica. Crater lake of Poas voleano (No. 32). 

Costa Rica. Crater lake of Poas volcano; geyser in operation (No. 33). 

Costa Rica. Outer rim of Ira Zu volcano; altitude, 11,400 feet (No. 34). 

Volcanic boulder drift, the chief geologic feature of Central America (No. 25). 
JOLORADO 


Photographed by C. Whitman Cross 


8 by 10 inches. Negatives in United States Geological Survey 


View on Brush creek, Gunnison county, Colorado, to show the swath cut by 
a snowslide through a dense growth of spruce (No. 21). 
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Calcareous tufa bank, Cement creek, Gunnison county, Colorado. Face 
seen is 40 to 50 feet high, overhanging in places, forming grottoes (No. 11), 

Calcareous tufa deposit, near view of central portion of bank shown in No, 
364 (No. 12). 

Kastern part of San Miguel mountains, Colorado. The sharp peak of mount 
Wilson (14,000 feet) is of diorite cutting up through Cretaceous and Eocene 
strata (No. 197). 

Mount Wilson group, San Miguel mountains, Colorado. The smooth slopes 
of middle ground are of Cretaceous shales. The canyon in foreground is 
cut below the Dakota sandstone (No. 198). 

Western portion of San Miguel mountains, Colorado. The sharper points 
are denuded laccoliths in Cretaceous shales. The plateau seen extends 
westward into Utah (No. 199). 

Mountains north of the San Miguel river, near Telluride, Colorado. The 
lighter colored band of strata belong to an Eocene (?) conglomerate. 
Above it 2,500 feet of andesitic tuff and bedded breccia. Forms pano- 
rama with No. 370 (No. 205). 


. Mountains north of the San Miguel river, near Telluride, Colorado. Dallas 


peak (13,700 feet). Forms panorama with No. 369 (No. 206). 

Mount Sneffels, San Juan mountains, Colorado (14,000 feet). A great diorite 
and gabbro mass cutting up through andesitic tuffsand breccias. Tertiary 
(No. 210). 

A characteristic cliff of fine grained andesitic tuff. Bridal Veil basin, near 
Telluride, Colorado (No. 217). 


. South Lookout peak, near Ophir, San Juan mountains, Colorado. — Char- 


acteristic cliffs and pinnacles of coarse bedded andesitic breccia and tuff 
(No. 222). 

Iron spring near Ophir, Colorado. The spring has built up a terrace of red- 
dish, sinter-like materials, as about the Yellowstone hot springs ( No. 225). 


5. The Twin Sisters peaks, San Juan mountains, Colorado. Jurassic strata 


form smooth slopes of middle ground; an Eocene (?) conglomerate, the 
cliff next above; Tertiary tuffs the peaks proper. Forms panorama with 
No. 376 (No. 251). 

East of Twin Sisters peaks (forming panorama with No. 375). Triassic con- 
glomerate causes cliffs of foreground. Eocene (?) conglomerate lies uncon- 
formably on Cretaceous, Jurassic, and Triassic strata on farther side of 
central valley (No. 232). 

Vermilion peak, San Juan mountains, Colorado (15,700 feet). Typical cliffs 
of bedded breccias and tutfs. Rh yolite flows cause summit cliffs (No. 236). 

La Plata mountains, Colorado; looking up Boren gulch from the southeast; 
Babcock and Spiller peaks in the center; the peaks mainly made up ofa 
diorite stock cutting Mesozoic strata. An irregular diorite-porphyry body 
causes jagged cliffs on the left side of Boren gulch (No. 262). 

Cliffs at the head of Bedrock gulch, La Plata mountains, Colorado; forma- 
tion of cliffs is La Plata Jurassic sandstone, much indurated (No. 268). 

A ravine at the head of Bedrock gulch, La Plata mountains, Colorado. The 
rock here is much shattered and highly altered diorite-porphyry (No, 270). 
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. Mount Lewis, La Plata mountains, Colorado. View from the southeast. 


The peak consists of Triassic sandstones, etcetera, with numerous sheets 
and dikes of diorite-porphyry, and a small stock of diorite, producing 
much metamorphism of the strata (No. 272). 

Silver peak, La Plata mountains, Colorado. View from the northeast. The 
mountain is a huge irregular mass of diorite-porphyry and diorite in Me- 
sozoic beds (No. 274). 

The Sharkstooth, La Plata mountains, Colorado. The upper exposures are 
of a diorite-porphyry sheet intruded into Cretaceous shales. The lower 
cliffs are of a sheet in the Jurassic shales; illustrates formation of talus 
slopes (No. 278). 


. Mount Wilkinson (or Table mountain), Gunnison county, Colorado. A 


remnant of a complex basalt sheet, resting upon Cretaceous sandstones. 
**Mesa” type of mountain ” (No. 10). 


. Characteristic timber-line growth of stunted spruces, at an elevation of 12,100 


feet, head of Cement creek, Gunnison county, Colorado (No, 29). 


. Meridian lake, near Crested Butte, Gunnison county, Colorado. One mile 


long, 200 to 500 feet wide. Occupies the crest of a ridge of soft Cretaceous 
shales. Crested Butte mountain in background (No. 50). 


. Mount Wheatstone, Gunnison county, Colorado (12,543 feet). Upper two- 


thirds of mountain a single mass of coarse porphyry, a laccolite from which 
all overarching strata have been eroded away ; glacial amphitheaters in 
upper part (No. 17). 

Teocalli mountain, West Brush creek, Gunnison county, Colorado (15,220 
feet). Structure caused by beds of Carboniferous rocks, much metamor- 
phosed by a large diorite mass behind the mountain (No. 18). 

Typical scenery in the Elk mountains, Gunnison county, Colorado, Pear! 
mountain in the center, 13,484 feet; Brush Creek valley; timber line at 
12,000 feet (No. 22). 


. Castle rock, near Golden, Colorado. A point projecting from the basalt sheet 


of Table mountain. Represents a confused mingling of dense and scoria- 
ceous lava, presumably near edge of flow (No. 41). 


. Table mountain, Golden, Colorado. Shows effect of unequal, horizontal 


tabular jointing in dense part of a thick basalt sheet (No. 45). 

Spherical sundering in cliff of basalt, northern Table mountain, Golden, 
Colorado. The most distinct spheres are from 1 to 2 feet in diameter, with 
several concentric shells (No. 1). 

Granite cut by veins of quartz, feldspar, and biotite. In the canyon of 
Animas river, opposite Tenmile creek, Colorado, on railroad track (No. 
453). 


. View of Silverton from toll road at east base of Sultan mountain. Shows 


Animas flood plain, mouth of Mineral and Cement creeks, etcetera, Colo- 
rado (No. 465). 


5. From bench (with cabin) at 11,000 feet, on north side of McIntyre gulch ; 


looking across Red Creek valley, southeast. Shows landslide topography 
of ridge, north of Corkscrew gulch, Colorado (No. 473). 

From knoll near cabin at mouth of Galena Lion gorge; looking east across 
Red creek; to show details of landslide topography on slope between 
Corkscrew gulch and Red mountain, Colorado (No. 475). 


Grow, See. Am., Vou. 13, 1901 
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View from knoll at mouth of Gray Copper guleh ; looking north down length 
of Ironton park, Colorado; Saratoga mine buildings on the right (No, 
481). 

From bench at 11,500 feet north of Full Moon gulch, Colorado ; looking down 
valley of Red creek; cliffs on San Juan tuff on the left (No. 481). 

Rock glacier of Silver basin, from talus slope on east side of basin. Shows 
relation of glacier to basin. Caribou mine, Colorado (No. 485). 

Potosi peak from Silver basin; looking north across Canyon creek (No. 488), 


Photographed by N. H. Darton 
8 by 10 inches. Negatives in United States Geological Survey 


Dakota sandstone and Lakota sandstone through upper gateway to Perry 
park, south of Denver, Colorado; looking east (No. 779). 
Vertical Red beds in Perry park, Colorado; looking south (No. 778). 


Photographed by W. H. Jackson, Detroit, Michigan 
20 by 43 inches 


Pike’s peak from the Garden of the Gods. Mounted, $12.00; not mounted 
$10.00 (No. 1008). 


Photographed by J. K. Hillers 
11 by 14 inches 
Garden of the Gods, Colorado (no negative). 
Photographed by I. C. Russell, 1888 
6} by 8} inches. Negatives in United States Geological Survey 


Triassic sandstone, Garden of the Gods, Colorado (No. 288). 
Triassic sandstone, Garden of the Gods, Colorado (No. 289). 


Photographed by N. H. Darton, 1898 
63 by 83 inches. Negatives in United States Geological Survey 
Triassic conglomerate sandstone, Garden of the Gods, Colorado (No. 424). 
Cathedral spires, Garden of the Gods, Colorado (No. 430). 
Photographed by C. D. Walcott 
64 by 8} inches. Negative in United States Geological Survey 
Contact of Silurian sandstone on pre-Paleozoic gneiss and schists ; looking 
north from below the spring west of the Harding sandstone quarry, north- 
west of Canyon City, Colorado (No. 151). 
Photographed by I. C. Russell, 1888 


63 by 84 inches. Negative in United States Geological Survey 


Monoclinal ridge, Colorado City, Colorado; Triassic and Jurassic (No. 291). 
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Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 8 inches 


View of mount Sopris, western Colorado, from the Spring Gulch coal mines 
across Jerome park. The point of view is on the Laramie. The inter- 
vening upturned strata are Mesozoic and Paleozoic. 

The Sunshine coal mines, Jerome park, northwestern Colorado. The Lara- 
mie sandstones show in section on the right, dipping westward. 


Photographed by G. K. Gilbert 
5 by S inches. Negatives in United States Geological Survey 


Group of Tepee buttes north of Nepesta, Pueblo county, Colorado (No. 859.) 

Tepee butte; core not exposed; 2 miles northeast of Boone, Colorado (No. 
940). 

Exposed core of a Tepee butte north of Nepesta, Colorado (No. 941). 

The Great Plains. Characteristic landscape on broad upland between the 
Platte and Arkansas rivers, Colorado (No. 942). 

The Great Plains, Colorado. Spring issuing from the ‘‘ Tertiary grit’’ (Hay) 
irrigates a few acres and affords water for cattle (No. 948). 

Haystack butte, Pueblo county, Colorado. A typical mesa butte. Geolog- 
ically an outlier of the Niobrara limestone protecting upper Benton shales. 
Lakelet basin in foreground, hollowed by wind erosion (No. 944). 

End view of South Rattlesnake butte, an outlier of Niobrara limestone, 
Huerfano county, Colorado (No. 860). 

Side view of North Rattlesnake butte, Huerfano county, Colorado. A rem- 
nant of Niobrara limestone capping a pyramid of upper Benton shale. 
The trees are juniper, from 10 to 12 feet high (no negative). 

Typical water-pocket near Thatcher, Colorado. Timpas creek has here 
made a canyon 50 feet deep in Dakota sandstone (No. 945). 

The Greenhorn formation, Middle Benton, exposed in an arroyo near 
Thatcher, Colorado. The upland at the right is capped by Niobrara 
limestone. The formation consists of a rapid alternation of limestone 
and shale, indicating a rhythm in the conditions of sedimentation (No. 
946). 

A cliff determined by a fault, Las Animas county, Colorado. The hard rock 
at the right is Dakota sandstone, originally covered by Benton shale. The 
plain at the left consists of Benton shale underlain by Dakota sandstone. 
The fault line follows base of cliff, and the block at the left stands about 
200 feet lower than the block at the right. The country has been greatly 
degraded since the faulting, and the cliff results immediately from the 
unequal erosion of soft shale and hard sandstone (No. 947). 

Modern rain-prints, natural size. Dried mud from Great Plains, Colorado. 
Animal tracks also shown (No. 948). 


Ant hill, Pueblo, Colorado (No. 949). 
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Photographed by Frederick H. Chapin, Hartford, Connecticut 
? 5 by 8 inches 


Published in part as illustrations of ‘‘ Mountaineering in Colorado,” 1890. Mr 
Chapin’s photograph numbers are given in parentheses. 
426. Pikes peak, Colorado; looking northwestward from timber line on Bald 
mountain (No. 267). 
427. Longs peak, Colorado; looking north-by-west from Table mountain (No. 25), 
428. Longs peak, Colorado; lateral moraine (No. 36). 
429. Longs peak, Colorado; view from Trough, looking northwestward. Fissured 
granite in right foreground (No. 15). 
430. Longs peak, Colorado; view from Trough, looking westward (No. 14). 
431. Longs peak, Colorado; lake and Lily mountain, looking eastward (No. 50). 
32. Uncompahgre peak, Colorado, from the west on the divide (No. 350). 
433. In the San Juan mountains; looking southwest-by-west toward Lone cone 
from the summit of Uncompahgre (No. 361). 
454. View from the summit of Uncompahgre; looking westward (No. 345). 
435. Arete of mount Snaefel ; San Juan mountains, Colorado (No. 352). 
_* 436. Ypsilon peak, from Deer mountain, Estes park ; looking westward (No. 210). 
457. Ypsilon peak, Front range, Estes park (No. 214). 
438. Estes park, Colorado; view looking northwest (No. 183). 
439, Estes park, Colorado; view looking westward (No. 62). 
440. Estes park, Colorado; view looking eastward (No. 90). 
od 441. Acowitz canyon, Colorado; looking southwest (No. 438). 
442. Alamo ranch and the Mesa Verde, point Lookout, near Mancos, Colorado 
(No. 405). 
445. The Cliff palace, Cliff canyon, Mesa Verde, Colorado (No. 447). 
444. The Cliff palace, Cliff canyon, Mesa Verde, Colorado (No. 456). 


Photographed by Horace B, Patton, Golden, Colorado 


63 by 84 inches 
445. Effects of rain erosion on horizontally bedded andesite conglomerate. Head- 
waters of Rio Grande river, Colorado (No. 219). 
446. Effects of rain erosion on horizontally bedded andesite conglomerate. Head- 
waters of Rio Grande, Colorado (No. 222). 
447. Effects of rain erosion on horizontally bedded andesite conglomerate. Head- 
P waters of Rio Grande, Colorado (No. 223). 
’ 448. Effects of rain erosion on horizontally bedded andesite conglomerate. Head- 
waters of Rio Grande, Colorado (No. 225). 
449. Effects of rain erosion on horizontally bedded andesite conglomerate. Head- 
! waters of Rio Grande, Colorado (No. 226). 
4 


Photographed by W. H. Pynchon, Hartford, Connectiew 


4 by 5 inches 


450. Contact of Triassic conglomerate on underlying crystalline rock (schist). 
The locality is on Roaring brook, about 24 miles west of Southington, 
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Connecticut, and is on the line of the western boundary of the Triassic 
area of Connecticut. The upright slabs of rock in deep shadow and the 
rocks over which the brook flows are schist. The massive overhanging 
brow is Triassic conglomerate (No. 1). 

Detail of same locality as shown in 450 (No. 2). 

City stone pit, Hartford, Connecticut, showing contact of trap sheet (prob- 
ably the ‘‘ posterior’’) on the underlying shales (No. 5). 

Slab of Triassic sandstone, showing mud cracks ; size about 10 feet by 5 feet ; 
Shaler and Hall quarry, Portland, Connecticut (No. 6). 


. Section of the bed of volcanic ashes west of the southern end of Lamenta- 


tion mountain, near Meriden, Connecticut. (See ‘‘ The Lost Volcanoes of 
Connecticut.””, W. M. Davis. Popular Science Monthly, 1891.) The 
picture shows the flattened *‘ bombs” imbedded in the ashes (No. 7). 


. Detail of a part of same ash-bed, showing bombs imbedded in the ashes 


(No. 8). 
DELAWARE 


(See Pennsylvania and Delaware) 


Disrricr or CoLtumBIA 


(See Maryland and District of Columbia) 


Evrove 
Photographed by Frank D, Adams, Montreal, Canada 


4 by 5 inches 


3. Embankment of river Po, near Ponte Lago Seuro. Right bank. From the 


plain, looking west. 


57. Embankment of river Po, near Ponte LagoScuro. Right bank. Fromsame 


point as number 1, looking east. 


. General view of embankment, taken from point half way up its side, with 


Ponte Lago Scuro and railway bridge in distance. Shows the three ter- 
races of the embankment. 

View across the Po from summit of embankment on south side. Buildings 
of S. M. Maddalena on northern side partially hidden behind the embank- 
ment in front of them. 


Hawattan ISLANDS 


Photographed by William Libbey, Jr., Princeton, New Jersey 


. Hawaii. Peepee falls, near Hilo (No. 58). 

. Hawaii. Lown the gorge from the “ pots” (No. 60). 

. Hawaii. Rainbow falls, on the Wailuku (No. 57). 

. Hawaii. Lava tree (No. 70). 

. Hawaii. Lava trees showing structure, Puna (No, 68), 
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Hawaii. Lava stalactites, flow of 1881, Bougainville (No. 56). 

Hawaii. Mauna Loa from Hilo, 35 miles distant (No. 46). 

Hawaii. Panorama of Kilauea from volcano house, with steam issuing from 
fissures (No. 75). 

Hawaii. First fissure. Edge of Kilauea (No. 85). 

Hawaii. Edge of Kilauea. First landslip (No. ©4). 

Hawaii. Fissure back of sulphur banks (No. 85a). 

Hawaii. Waldrous ledge; highest part of edge of Kilauea (No. 77). 

Hawaii. Flow of 1868, on isthmus between Kilauea and Kilauea isli. Tree 
in lava (No. 87). 

Hawaii. Surface flow; Halemanman (No. 98). 

Hawaii. Halemanman; lava surface (No. 99). 

Hawaii. Halemanman; rim of active portion (No. 100). 

Hawaii. Lava flow from side of active portion (No. 102). 

Hawaii. Keanalsakoi; small crater, 500 feet deep, near Kilauea (No. 86), 

Hawaii. Fissure, looking east (No. 1). 

Hawaii. Bubble, Kilauea (No. 92). 

Hawaii. Bubble, Kilauea (No. 4). 

Hawaii. Spatter cone, Kilauea (No. 03). 

Hawaii. Hut on edge of Halemanman. Destroyed in March, 1894 ( No. 95), 

Hawaii. Active portion of Halemanman ; 1,000 feet in diameter (No. 96). 

Hawaii. Inside the active portion of Halemanman (No. 104). 

Hawaii. Inside cauldron; Halemanman (No. 105). 

Oahu. The punch bow! from mount Tantalus (No. 15). 

Oahu. The Pali (No. 1). 

Maui. On the road to Haleakala (No. 106). 

Maui. Cloud effect on summit of Haleakala (No. 113). 

Kauai. Valley of Kipukai; general view of house and valley (No. 125). 

Maui. Rim of crater to southeast; outside (No. 112). 

Maui. Inside crater of Haleakala (No. 116). 

Maui. On floor of crater of Haleakala; looking to the northeast; highest 
point (No. L114). 

Kauai. Valley of Haualei (No. 133). 


IDAHO 
Photographed by J. FL Kemp, Coluinbia University, New York, New York 
5 by 7 inches 


Terraces of Tertiary lake-beds, near Salmon City, Idaho, on the Lembhi 
river. 

Terraces of Tertiary lake-beds, on Lemhi river, near Salmon City, Idaho. 

Old gold diggings, on Napias creek, Leesburg, Idaho, worked from 1859 to 


L865. 
Rocky cut for sluice, California bar, Idaho. 
Discharge sluice, California bar. 
Hydraulic mining at California bar, 
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Photographed by C. D. Walcott 


rom 5 by 7 inches. Negatives in United States Geological Survey 
501. Basal Cambrian sandstones of section at mouth of Two-mile canyon, 2 miles , 
south of Malad City, Idaho (No. 562). . 
ILLINOIS 
ree 


Photographed by O. C. Farrington, Field Columbian Museum, Chicago, Illinois 


5 by 7 inches 


502. Drift, section 5, Chicago drainage canal. Shows sudden transition from 
coarse drift to fine sand; also highly inclined bedding (No. 2). : 

. 503. Drift, section 5, Chicago drainage canal. 200 feet below number 502. Drift * 
very coarse; boulders are limestone (No. 3). a 

504. Section of kame, showing drift, Chicago drainage canal (No. 5). 

505. Drift on limestone, section 6, Cuicago drainage canal. The upper surface of 
the limestone is broken and shattered at the contact with the drift, ap- 


19). parently by resistance to glacial movement. The resistance was also y 
‘ unequal, part of the limestone near the contact at the right having been 
entirely carried away. The direction of glacial movement was from left to 
right (No. 7). 
506. ‘Clay pocket,” section 7, Chicago drainage canal. The limestone has under- 
gone differential internal disintegration, causing portions of the strata to 
fall and become tilted. The section is 36 feet in height (No. 8). 
507. “ Clay pocket,’’ section 10, Chicago drainage canal. The hollow formed in 
the limestone by disintegration has been filled from above by drift (No.9). 
est INDIANA 
Photographed by F. V. Marsters 
508. Indiana oolitic stone quarry, Steinsville, Indiana. 
509. Weathering of Indiana oolitic limestone, near Herodsburgh, Indiana. : 
510. Hunter’s quarry (Saint Louis limestone), Bloomington, Indiana, a 
511. Johnson’s quarry, Bloomington, Indiana. = 
512. End View. Largest block of stone (Indiana limestone) quarried up to Sep- q ; 
tember, 1893. Size, 1179’ by 8’ 8’ by 10’ 47’; 1,054 cubic feet; weight, 
thi 190,000 pounds; quarried by Bedford Stone Company, Bedford, Indiana. 
Photographed by W. P. Jenney y an 
) to 63 by 84 inches. Negatives in United States Geological Survey 
513. Anticline at termination of Ozark uplift in northeast corner of Indian Terri- ‘ 


tory, on Spring river, about 6 miles south of Baxter, Kansas. Panorama 
of 4 negatives, Nos. 183, 184, 185, and 186. 
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Tererrrory 


Photographed by J. E. Taf, 1899 


4 by 5inches. Negatives in United States Geological Survey 


. Faulted sandstone and sale, Kansas City, Pittsburg and Gulf railway, 


1 mile southeast of Houston (No. 64). 


5. Faulted sandstone and shale, Kansas City, Pittsburg and Gulf railway, 


1 mile southeast of Houston (No. 34). 


. Faulted sandstone and shale, Kansas City, Pittsburg and Gulf railway, 


1 mile east (No. 35). 
Recumbent fold in sandstone, Saint Louis and San Francisco railway, south 
base of Winding Stair mountain (No. 31a). 


. Faulted sandstone and shale, Kansas City, Pittsburg and Gulf railway, 


1 mile southeast of Houston (No. 63). 


. Recumbent fold in sandstone, Saint Louis and San Francisco railway, south 


base of Winding Stair mountain. Panorama (No. 31%). 


Iowa 


Photographed by the Geological Survey of Iowa 


5 by 8 inches 


. Cross-bedding in Coal Measures sandstone ; Redrock, Marion county (No. 79). 
. Gypsum quarry face ; Cretaceous ; Iowa Plaster Company, Fort Dodge, Web- 


ster county (No. 83). 


. Dakota formation, showing clays, lignite and sandstone, capped by loess ; Sar- 


geants bluff, Woodbury county, Iowa (No. 87). 


. Chalk cliff; Niobrara; on Sioux river, Old Crills mill, below Westfield, Ply- 


mouth county (No. 89). 


524. Floodplain of the Missouri; view taken from high bluffs east of the Sioux 


river; showing that river at the base ; Dakota lowland between it and the 
Missouri, with the Nebraska hills south of the Missouri in the distance; 
Old Crills mill, below Westfield, Plymouth county, Iowa (No. 102). 


5. Glacial scorings ; Kingston, Des Moines county (No. 106). 
. Till interbedded in loess; sand pits north of Sioux City, Woodbury county, 


lowa. The hammer points to a boulder of Sioux quartzite (No. 111). 


7. Quarry in Devonian limestone; Cedar Valley stage; showing two parallel 


joints. Near lowa City, Johnson county, Iowa (No. 124). 


28. Columns of Saint Croix sandstone; Lane’s farm; T. 100 N., R. 4, See. 31 


(No. 10). 


. Exposure of Leclaire limestone, obliquely bedded below, horizontally 


bedded above. Sugar Creek lime quarries, Cedar county, Iowa (No. 142). 


. Oblique bedding in Leclaire limestone, half a mile south of Leclaire, lowa. 


The soil at top of exposure is an ancient shell heap or kitchen-midden 
(No. 145). 


. Exposure of thin bedded Leclaire limestone, Leclaire, Lowa, showing 


effect of subaquatie erosion and subsequent deposition of similar limestone 
in eroded trough (No, 146). 
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§32. View in Cedar Valley quarry. Anamosa stage of Niagara limestone, Cedar 


Valley, (No. 147). 


433. The Buchanan gravels, an interglacial, probably Aftonian deposit of water- 


laid, cross-bedded sands and gravels. The boulders in foreground have 
been thrown out of the gravel, and are of the Kansan drift type. The 
gravels are overlain by a thin layer of Iowan drift with numerous large 
granite boulders (see number 151) (No. 149). 


534. Granitic boulders of Iowan drift near Winthrop, Iowa (No. 150). 
535. View in Champion quarry, Stone City, lowa; Anamosa stage of Niagara 


(No. 144). 

'». Mount Hope; a hill of cireamdenudation standing on a baseleveled plain ; 
composed of Saint Croix overlain by Oneota; from south side of Oneota 
river; T. 100, R. 5, Sec. 34 (No. 14). 


587. Saint Peter sandstone, showing weathering effects; T. 96, R. 5, Sec. 14, 


S. W. } N. W. } (No. 31). 


538. Beds of passage between Niagara limestone and Maquoketa shale; T. 90, 


R. 4, Sec. 10; Delaware county, Iowa. Photographed by Calvin (No. 56). 


530. Niagara overlying Maquoketa, illustrating the effects of geologic structure 


on topographic form within the driftless area; the gently undulating 

lower slopes are underlain by the Maquoketa shale; the steep hills in the 

background are constructed of the overlying Niagara limestone; view 

looking south from Lattners, near Graf, Dubuque county, Lowa (No. 58). 

” illustrating effects of weathering on Niagara 
limestone ; northwestern part of Delaware county, lowa (No. 64). 

. Cross-bedding in sandstone ; Saint Louis; Bellefontaine, Makaska county, 
Towa (No. 75). 


2. Steffen’s quarry, Cleona township, Scott county, lowa. Pitted rock surface 


beneath Kansan drift. False bedding of Leclaire limestone. Iowa Geo- 
logical Survey, volume ix (No. 6). 


43. Mount Vernon paha from south. Iowa Geological Survey, volume iv, pages 


181-184 (No. 12). 


d44. Paha between Mount Vernon and Lisbon, lowa (No. 13). 
545. South of Cedar river, Linn county, Iowa. Ultimate ramification of den- 


dritie drainage on loess mantle of Kansan drift sheet. Cedar Rapids sheet, 
U.S. Geological Survey (No. 1). 


46. Erosion gullies in loess mantle on Llinoian drift sheet, Princeton township, 


Scott county. lowa Geological Survey, volume ix (No. 17). 


547. Swallows’ nests in loess, Clinton, Iowa (No. 19). 
548. Lingulate lobes of heavy loess near Iowan frontier, northwest of Princeton, 


Scott county, Iowa. lowa Geological Survey, volume ix (No. 20). 


549. Topography of Kansan drift sheet, showing slopes of larger ravines. South 


of Cedar river, Linn county, Iowa. Cedar Rapids sheet, U.S. Geological 
Survey (No. 2). 


). Wide floodplain of Wapsipinicon river, Scott county, lowa; seen from road- 


way cut in loess-mantled hills of Iowan frontier. Leclaire sheet, U.S. 
Geological Survey ; Lowa Geological Survey, volume ix (No. 24). 

. Broad valley of Cedar river below gorge south of Mount Vernon, Iowa. 
Mechaniesville sheet, U. 8. Geological Survey (No. 26). 


552. Contact of Niagara limestone (Silurian) and Hudson River shales (Ordovi- 


cian). Above Lyons, Iowa (No. 30). 


Grow, Soe. Am., Vor, 15, 1901 
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Topography of Kansan drift sheet loess-mantled spatulate gullies. South of 
London, Cedar county, Iowa (No. 3). 


. Chert layers in Delaware beds. Niagara limestone, Lyons, Iowa. Banks 


of Mississippi river (No. 32). 


. Unstratified mound in Leclaire limestone (Anamosa type), near Lowden, 


Towa (No. 38). 

Leclaire limestone near Massillon, Iowa. Illustrating the breaking down of 
cliffs along joint planes (No. 39). 

Ferruginous stains. Slab of Anamosa limestone, Leclaire stage of Niagara, 
from Mount Vernon quarry, Iowa (No. 40). 

Bieler’s quarry, Cedar Valley, Iowa, showing horizontal and even bedding 
of Anamosa stone. . Leclaire stage of the Niagara (No. 4i). 

The Lower Davenport beds. Devonian. Mouth of Duck creek, Scott 
county, Iowa. See Geology of Scott county, lowa Geological Survey, vol- 
ume ix (No. 45). 

Breccia in Lower Davenport beds, Rock Island, Illinois. Initial flexures 
(No. 48). 


. Breccia, Linn, Linn county, lowa. Lowest phase, natural size. Iowa Geo- 


logical Survey, volume iv, pages 157-166 (No. 50). 

Breccia, Linn, Linn county, Iowa. Close view. Complex brecciation in 
large fragments. Iowa Geological Survey, volume iv, pages 157-166 (No. 
52). 


. Breccia, Linn, Linn county, Iowa. Illustrating differential weathering of 


breccia, largely made up of Independence shales forming abundant talus 
and breccia consisting of numerous fragments of Lower Davenport lime- 
stone, with sparse matrix. Iowa Geological Survey, volume iv, pages 
157-166 (No. 53). 

Kansan-loess topography, showing even sky-line and spatulate valleys. 
Dixon, Scott county, Iowa. On farm of Ketelson. Iowa Geological Sur- 
vey, volume ix (No. 57). 


Kentucky 
Photographed by Ben. Haines, New Albany, Indiana 
8 by 10 inches. Price, 50 cents each 
Views of Mammoth cave and vicinity 


Standing rocks (No. 08). 

The post-oak pillar (No. 022). 

The arm-chair (No. 029). 

The Egyptian temple (No. 036). 

Star chamber (No. 057). 

White’s cave; Humboldt’s pillar (No. 0101). 
White’s cave; the royal canopy (No. 0106). 
Wyandotte cave; Niagara falls (No. 1) (No. 235). 
First saltpeter vats (No. 04). 

Old saltpeter pipes (No. 05). 

Stone cottage (No. 013). 


| 
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559. 
560. 
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588. 


580. 


590. 


591. 


592. 


593. 


595. 


. Giant’s coffin (No. 014). 

. The elephants’ heads (No. 030). 

. Bacon chamber (No. 037). 

. Stalactites in Croghan’s hall (No. 055). 
. End of the cave (No. 056). 

. An alcove in Gothic avenue (No. 060). 
. Head of Echo river (No. 065). 

. Mammoth Cave hotel (No. 0124). 

. Wyandotte cave; the throne (No. 218). 
. Wyandotte cave; Monument mountain and Wallace’s grand dome (No. 220). 
. Marengo cave; ‘‘ Cupid’s net ’’ (No. 524). 

. Marengo cave; Washington’s plume (No. 529). 


KENTUCKY 


MAINE 
Photographed by 8. R. Stoddard, Glens Falls, New York 
5 by S inches. Price, 30 cents each 
Mount Desert island, looking southwestward from Green mountain (No. 
1246). 
Eagle lake, Mount Desert island, looking northwestward (No. ?). 
Photographed by G. P. Merrill, United States National Museum 
5 by 8 inches 
Granite quarry, Hallowell, Maine (No. ?). 
Photographed by J. F. Kemp, Columbia University, New York, New York 
64 by 83 inches. Price, 12 cents each 
Vertical schists, quartzites, etcetera, with trap dikes, at Bald cliff, Maine 
(No. ?). 
MARYLAND AND District oF COLUMBIA 


Photographed by N. H. Darton 
64 by 83 inches. Negatives in United States Geological Survey 


Earlier Columbia gravels and loam in street cut in western part of Balti- 
more, Maryland (No. 55). 

Gravel bed and loams of earlier Columbia, on weathered crystalline rocks, 
in north side of cut of railway just east of Rock Creek bridge, Washing- 
ton, D. C. (No. 80). 

Earlier Columbia gravel bed and loams on crystalline rocks in cut of railway 
just east of Rock Creek bridge, Washington, D. C.; exhibiting a fault. 
Looking north (No. 79). 

Lafayette gravels and loams lying on Chesapeake sands near northwest en. 
trance of Soldiers Home, Washington, D, C.; looking north (No, 86). 
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Chesapeake sands, Matawan clays, and Potomac sands in road cut half a 
mile southwest of Good Hope, District of Columbia. The blade of the 
hammer is at the Chesapeake-Matawan contact, the position of which is 
also indicated by the arrows to the right. The Matawan-Potomac con- 
tact is three feet below and is clearly exhibited. The Pamunkey forma- 
tion is absent (No. 73). 

Shell beds in Chesapeake formation on west side of Patuxent river, at Jones 
wharf, Saint Marys county, Maryland (No. 51). 

Cliffs of Chesapeake sands and clays surmounted by Lafayette gravelly sands, 
Plum point, Calvert county, Maryland ; looking south (No. 61). 


’ 


. Matawan formation on east side of Gibson island, Magothy river, Anne 


Arundel county, Maryland. Shows characteristic silicious concretions in 
place and along the shore (No. 215). 


. Cliffs of Potomac clays, Wortons point, Kent county, Maryland (No. 206), 
. Ferruginous concretions in sand of Potomac formation in road cuts on Pat- 


terson estate, northeastern Baltimore, Maryland (No. 219). 


2. Sands, gravels, and clays of Potomac formation in cut of Belt Line railroad, 


just east of Belair road, northeastern Baltimore, Maryland (No. 218). 


. Columbia formation on crystalline schists near N and Twenty-fourth streets 


N. W., Washington, D. C. (No. 278). 


. Columbia formation, basal beds, near N and Twenty-fourth streets N. W., 


Washington, D. C. (No. 282). 
Photographed by J. K. Hillers 
11 by Id inches. Negatives in United States Geological Survey 


Wild Duck bluff, Chesapeake bay (no negative). 

Unconformity between Columbia and Potomac formations, Chesapeake bay 
(No. 336). 

Turkey point (No. 338). 

Center of Grove point, Chesapeake bay (No. 335). 

Section at Howell’s point, Chesapeake bay (no negative). 

Near East Capitol street, between Sixteenth and Seventeenth, Washington, 
D.C. Columbia loam, as excavated for brick-clay, and terrace plain 
formed by it. Natural surface. Looking southwest (No. 546). 

Columbia and Potomac formations, Forrest place, north side of Chase street, 
Baltimore, Maryland (No. 325). 

Formation of gravel from vein quartz. South side of Oakland street, 200 
yards west of Columbia road, Kalorama heights, Washington, D. C. (no 
negative). 

Looking up Susquehanna river from Baltimore and Ohio railroad bridge 
(No. 340). 

Columbia formation on Potomac formation in Wild Duck bluff, head of 
Chesapeake bay, Maryland (No. 337). 


Photographed for N. H. Darton 
64 by 84 inches. Negatives in United States Geological Survey 


The Potomac near Harpers Ferry (No. 235). 
Jnnuetion of the Shenandoah and Potomac rivers (No. 256), 
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617. The Shenandoah near Harpers Ferry (No. 237). 
618. The Great falls of the Potomac (No. 238). 


MASSACHUSETTS 
Photographed by George P. Merrill, United States National Museum 
63 by 8} inches 


619. Marine erosion of till, Long Island head, Boston harbor (No. —). 

620. Ship rock, Massachusetts. A glacial-drift boulder at Peabody. This boulder 
is 51 feet long, 27 feet wide, and 31 feet high. View fromthe north. The 
source is probably local (No. —). 

321. Roche moutonnée, Marblehead, Massachusetts (No. —). 

622. Marine erosion of till, Boston harbor. Cliffon eastern edge of Great Brewster 
islands (a drumlin) (No. —). 


Photographed by S. R. Stoddard, Glens Falls, New York 
5 by Sinches. Price, 50 cents each 


623. Monomoy point; looking northward from Monomoy light-house, Cape Cod. 
Massachusetts (No. 1207). 
624. The *‘ powder-hole,’’ Monomoy light-house, from the light-house (No. 1206). 


Mexico 


Photographed by O. P. Farrington, Field Columbian Museum, Chicago, Illinois 
5 by 7 inches 


625. Porfirio Diaz glacier, Ixtaccihuatl, Mexico, from the old terminal moraine 
(No. 12). 

626. Weathering of quartz vein near E] Bote mine, Zacatecas, Mexico. The 
surrounding rock is chlorite schist (No. 13). 

27, Section of lava flow, El Pedregal of Tialpam, near San Angel, valley of 
Mexico. The vesiculation of the lava by escaping vapors is shown and 
the increase through relief of pressure in the size of the vesicles toward 
the upper surface (No. 14). 


MICHIGAN 


Photographed by I. C. Russell, 1887 


8 by 10 inches. Negatives in United States Geological Survey 


628. Sea-cliff in limestone, Mackinaw island, Michigan (No. 174). 
629. Sea-cliff in sandstone, small island near Marquette, Michigan (No. 167), 
Nos. 630, 631, 635, 638, 640, 641, 643 are published by G. K. Gilbert in Fifth 
Annual Report U. 8. Geological Survey. 
630. Sea-cliff in hard sandstone, with beach beyond, Au Train island, lake Su- 
perior (No. 172). 
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631. Sea cliff in boulder clay, with beach in foreground, South Manitou island, 
lake Michigan (No. 129). 

632. Sea-cliff in sand, with beach, Sleeping Bear point, eastern shore of lake 
Michigan (No. 111). 

633. Sea-cliff in boulder clay, South Manitou island, lake Michigan (No. 113), 

634. Sea-cliff in boulder clay, North Manitou island, lake Michigan (No. 154). 

635. Beach of limestone pebbles, Mackinaw island, Michigan (No. 158). 

636. Gravel spit, with driftwood, near Mackinaw island, Michigan (No. 161), 

637. A spit forming under water, western end of Bois Blanc island, Michigan; 
Mackinaw island in the distance (No. 148). 

638. Spit of shingle, Au Train island, lake Superior (No. 168). 

639. Curved sand spit, southern channel, strait of Mackinaw (no negative), 

640. A recurved spit, “‘ Duck point,” Grand Traverse bay, lake Michigan (No, 
102). 

641. Bar joining Empire and Sleeping Bear bluffs, eastern shore of lake Michigan 
(No. 114). 

642. Ancient sea-cliff of lake Michigan, near Glen Arbor, Michigan (No. 106), 

643. Ancient sea-cliff of lake Michigan, South Manitou island, lake Michigan 
(No. 137). 

644. Sand dunes near Sleeping Bear bluff, eastern shore of lake Michigan (No, 109). 

645. Forest formerly buried beneath drifting sand and now exposed by eolian 
erosion. High part of South Manitou island, lake Michigan (No. 151). 


MINNESOTA 
Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches 


646. Open cut at iron mines of the Minnesota company near Tower, Minnesota. 

647. Sunken ground over the Chandler mine, Ely, Minnesota. 

648. Oliver mine, Virginia, Minnesota; entering cut, upper bench gravel, lower 
bench ore. 

649. Working face of the Mountain iron mine, Minnesota. 

650. Working face of the Mountain iron mine, Minnesota. 

651. Surface panorama of Canton mine, Mesabi range, Minnesota. 

652. Caved surface of Canton mine, Mesabi range, Minnesota. 


Missouri 
Photographed by E. L. Furguson 
63 by 84 inches 
655. A western Missouri coal mine. 
Photographed by J. F. Kemp, Columbia Universitu, New York, New York 
5 by 7 inches 


4. Open eut and stopes at Pilot knob, Missouri, showing the relations of the 


specular hematite to the porphyry, and also the thickness of the ore body. 
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Monvrana 


Photographed by W. H. Weed 
4 by 5inches. Negatives in United States Geologicai Survey 


. Amphitheater at head of Little Timber creek (No. 4). 

Lake at head of Little Timber creek ; occupies a rock basin (No. 2). 

Laramie conglomerate; formed of pebbles of voleanic rocks (No. 1). 

Morainal debris; characteristic of mountain moraine of Crazy mountains, 
Montana (No. 3). 


Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches 
Contact of basic granite (left side) and acid granite (Bluebird granite) in- 
tended in former cut on Butte, Anaconda and Pacific railroad, Butte, 
Montana. 
. The Parrot and Anaconda mines, Butte, Montana, with bounding ranges on 
east. 


. The Lexington mine, Butte, Montana. 


Photographed by C. D. Walcott 
5 by 7 inches. Negatives in United States Geological Survey 


. Missouri River beds above railroad bridge, near Townsend, Montana (No. 


525). 


8. Hogback, formed by upturned basal Cambrian sandstone (Flathead), Indian 


creek, 4 miles west of Townsend, Montana (No. 525). 


4. Hogback, formed by upturned basal Cambrian sandstone (Flathead), Indian 


creek, 4 miles west of Townsend, Montana (No. 525a). 


. Slaty shales in which pre-Cambrian fossils were found, mouth of Deep Creek 


canyon, 16 miles east of Townsend, Montana (No. 527). 


. Eroded Carboniferous sandstones in cliff 8 miles south of Livingston, Mon- 


tana, west of Yellowstone river (No. 534a). 


7. Eroded Carboniferous sandstones in cliff 8 miles south of Livingston, Mon- 


tana, west side of Yellowstone river (No. 534). 


. Eroded Carboniferous sandstones in cliff 8 miles south of Livingston, Mon- 


tana, west side of Yellowstone river (No. 534c). 


. Eroded Carboniferous sandstones in cliff 8 miles south of Livingston, Mon- 


tana, west side of Yellowstone river (No. 535c). 


. View looking north from Point of Rocks down Yellowstone valley, about 34 


miles south of Livingston, Montana (No. 539). 


. Carboniferous on north side of Beaver creek, above Missouri river, Big Belt 


mountains, Montana (No. 537). 


63 by 84 inches 


72. Lower Paleozoic section in cliffs, north side of canyon, north fork of Dear- 
born river, Lewis and Clarke county, Montana (No. 657). 
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73. Carboniferous limestone cliff of mount Dearborn, north fork of Dearborn 


river, Lewis and Clarke county, Montana (No. 659). 


74. Haystack butte from the east, with hay ranch in the foreground. A typical 


voleanic neck (No. 670). 


75. Mount McDonald from the east, Mission range, Montana (No. 673). 
76. Glaciers on Mission range, southeast of mount McDonald, Montana (No. 674), 
77. Eroded, cross-bedded Cretaceous sandstone, north of the north fork of Sun 


river, 1 mile east of Rocky mountain front, Teton county, Montana (No, 
629a). 

Eroded, cross-bedded Cretaceous sandstone, north of north fork of Sun river, 
1 mile east of Rocky mountain front, Teton county, Montana (No. 629¢), 


NEBRASKA 


Photographed by N. H. Darton 


8} inches. Negatives in United States Geological Survey. Published in 
Nineteenth Annual Report United States Geological Survey, Part 4 


Conglomeratic sandstone lens in Brule clay 5 miles south from Gering, Scotts 
Bluff county, Nebraska (No. 343). 

Arikaree conglomerate lying on Arikaree sands 10 miles southeast from Ger- 
ing, Banner county, Nebraska. Looking northwest (No. 344). 

Scotts Bluff, Scotts Bluff county, Nebraska. From north side of North 
Platte river, 3 miles distant. ‘‘ Dome rock’’ inthe distance. Arikaree and 
Gering formations on Brule clay, 3 miles northwest of Gering (No. 348). 

Bad lands in Brule clay on south slope of Scotts Bluff, Scotts Bluff county, 
Nebraska. Looking northeast (No. 355). 

Bad lands just north of Scotts Bluff, Scotts Bluff county, Nebraska. Looking 
north to and beyond the North Platte river. Shows remnant of plain 
from which Bad lands have been formed. In Brule clay (No. 358). 

Blowout with core 3 miles south of Harrison, Nebraska. Arikaree forma- 
tion. Daemonelix beds (No. 363). 

Daemonelix beds in Arikaree formations near head of Little Monroe canyon, 
Sioux county, Nebraska. Looking northeast (No. 364). 

Typical sand hills 15 miles north from camp Clarke, Nebraska. Showing 
smooth leaward slopes. Looking northwest (No. 365). 

Typical sand hills 15 miles north from camp Clarke, Nebraska. Showing 
blowouts characteristic of windward slopes. Looking southeast (No. 366). 

‘** Toadstool park’? 3 miles northwest from Adelia, Nebraska, Sioux county. 
Thin sandstone layers in clays of White River series (No. 368). 

Spring and its saline deposits from Pierre shale 10 miles northwest of Chad- 
ron, Dawes county, Nebraska (No. 397). 

Fault in Gering formation in cut of B. and M. railway one-half mile north of 
Rutland siding, south of Crawford, Nebraska. Looking west (No. 401). 
Bad lands 6 miles northeast of Chadron, Dawes county, Nebraska. Brule 

sandy clay (No. 402). 

“Toadstool park,” Bad lands near Adelia, Sioux county, Nebraska (No. 443). 

** Toadstool park,’’ Bad lands near Adelia station (No. 444). 

Looking down North Platte river at the Wyoming-Nebraska line (No. 449) 
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NEBRASKA 11:5 


695. Titanotherium sands east of Adelia (No. 434). 


. Dakota sandstone with cross-subbedding, Bennett, Nebraska (No. 254). 
. Jail and court-house, Cheyenne county, Nebraska. <Arikaree and Gering 
formations unconformable on Brule clay. Looking northwest (No, 310). 


98. The jail, Cheyenne county, Nebraska. Gering formation unconformable on 


Brule clay. Looking east (No. 311). 


. “*Chimney rock,” Cheyenne county, Nebraska. The spire isof Gering sand- 


stone. The slopes are of Brule clay, containing a bed of volcanic ash. 
Position of the volcanic ash indicated by horse. Looking west (No. 315). 


. Gering formation eroded by wind-blown sand 3 miles northeast from Free- 


port, Banner county, Nebraska (No. 527). 


. “Smokestack,” Bannercounty, Nebraska. From the east. The smokestack 


is of Arikaree conglomerate, of which other fragments are to be seen far- 
ther back on same ridge. The base of the ridge is of Brule clay (No. 339). 


. “Smokestack.’’ From the west. The smokestack is of Arikaree conglom- 


erate, a fragment of an old river channel of Arikaree times (No. 341). 


. “Twin Sisters,” Banner county, Nebraska. Shows Arikaree and Gering for- 


mations lying unconformably on Brule clay; also voleanie ash-bed in 
lower gap. Looking west (No. 342). 


NEVADA 


Photographed by I. C. Russell 


8 by 10 inches. Negatives in United States Geological Survey 


. Lahontan lake-beds, bank of Humboldt river, Nevada (No. 6). 
. Hillside coated with calcareous tufa deposited from lake Lahontan, shore of 


Pyramid lake, Nevada (No. 11). 


. Caleareous tufa deposited from the waters of lake Lahontan, shore of 


Pyramid lake (No. 179). 


. Rocks coated with calcareous tufa, beach of odlitic sand. Shore of Pyramid 


lake. Published in Monograph xi, U. 8. Geological Survey, plate xiii 
(No. 20). 


. Tufa domes formed by sublacustral springs. Published in Eighth Annual 


Report U. S. Geological Survey, plate xxi (No. 40). 


709. An island of calcareous tufa deposited from the waters of lake Lahontan, 


Pyramid lake. Published in Monograph xi, U. 8. Geological Survey, plate 
xxxviii (No. 21). 


. Sediments of lake Lahontan, Humboldt valley near Rye Patch, Nevada. 


Published in Monograph No. xi, U. S. Geological Survey, plate xxii. 
Size, 8 by 10 inches (No. 9). 


Tl. Lithoid, thinolitic, and dendritic tufa deposited from the waters of lake 


Lahontan, shore of Pyramid lake (No. 13). 


Photographed by H. W. Turner 


65 by 83 inches. Negatives in United States Geological Survey 


. Monoclinal ridge capped by basalt at north end of Clayton valley (No. 68). 
715. A single cone of rhyolite-tuff from the same locality as number 714, in the 


foothills of the Palmetto mountains (No. 77). 


LX—Butt. Grow. Soc, Am., Vor. 13, 1901 
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714. Group of cones formed by the unequal erosion of rhyolite-tuff in the foot- 
hills of the Palmetto mountains south of Clayton valley (No. 76). 

715. Lacustral marls of the Esmeralda formation at the east base of the Silver 
Peak range south of the Emigrant road (No. 71). 

716. Fault surface in the foothills of the Silver Peak range southwest of Clayton 
valley. The rock is rhyolite-tuff (No. 73). 


New HampsHire 
Photographed by George P. Merrill, United States National Museum, Washington, D. C. 
6} by 83 inches 


717. Churehill rock, Nottingham, New Hampshire. Glacial drift boulder, 62 feet 
long, 40 feet wide, and 40 feet high; source, local; view from southwest. 

718. The Washington boulder. A glacial-drift boulder at Conway, New Hamp- 
shire. This is a very solid block of Conway granite. It cannot be shown 
to have been transported more than one mile. Its dimensions are 30 by 
40 by 25 feet. View from the northeast. 

719. The Bartlett boulder. A glacial-drift boulder at Bartlett, New Hampshire. 
This boulder is of the Conway granite, and rests on four smaller boulders 
of the same kind on the summit of a knoll of till projecting through the 
modified till. 

720. Cathedral rock. Profile view from the northeast. North Conway, New 
Hampshire. The hills show the typical roche imowonnée outline. 


New Jersey. 
Photographed by N. H. Darton 
5 by Sinches. Negatives in United States Geological Survey 
Published in Bulletin 67, United States Geological Survey 


721. Base of first Watchung trap-sheet in gorge of Passaic river at Paterson, New 
Jersey, showing both basaltic columns and bedded trap in the same sheet 
and contact with Newark shales (No. 22). 

722. Lateral ascent of base of palisade trap across Newark shales at Kings point, 
Weehawken, New Jersey. Shore of the Hudson river (No. 16). 

723. Cross-section exposure of base of palisade trap-sheet, showing its contact 
with the Newark shales. West Shore railroad tunnel, Weehawken, New 
Jersey (No. 13). 

724. Falls of the Passaic at Paterson, New Jersey. Edge of first Watchung trap- 
sheet (No. 19). 


Photographed by S. R. Stoddard, Glens Falls, New York 


5 by S inches. Price, 50 cents 


725. Palisades of the Hudson; looking northward from Englewood cliffs. 
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NEW JERSEY 415 


Photographed by J. P. Iddings 


64 by 83 inches. Negatives in United States Geological Survey 


. Columnar basalt, O°’ Rourke’s quarry, Orange mountain, New Jersey. Con- 


verging column in middle of quarry. Described in American Journal of 
Science, third series, yolume xxxi, 1886, pages 321-331 (No. 119). 


7. The same, northern end of quarry (No. 118). 
. The same. Southern end, showing the curved, tapering ends of vertical 


columns and the junction of two groups of small columns (No. 117). 


. The same, showing converging columns and large vertical columns (No. 121). 
. The same, showing large vertical columns with spheroidal parting and trans- 


verse, chiseled structure (No. 123). 


. The same, another picture of the quarry (No. 122). 
. Intrusive basalt, showing columns of cooling, Orange quarry, New Jersey 


(No. 120). 
Photographed by R. D. Salisbury, University of Chicago, Chicago, Illinvis 
8 by 10 inches 


Roche movtonnée (trap), one mile east of Englewood, New Jersey, on Palisade 
avenue; showing broad, deep grooves. 


. Glaciated surface of trap exposed by the excavation for the reservoir at 


Weehawken, New Jersey. In addition to the glaciation of the surface, the 
photograph shows the phenomena of ‘ plucking.” 

Perched block of Triassic sandstone, 12 by 8 by 8 feet, on Palisade ridge, east 
of Englewood, New Jersey, near the summit. Beneath the boulder the 
trap surface shows polishing and grooving, but where the surface has not 
been protected the polishing and grooves have disappeared by weather- 
ing. The boulder has probably been lifted 180 feet. 

Glaciated surface of trap exposed by the excavation for the reservoir at 
Weehawken, New Jersey. In addition to the glaciation of the surface 
the photograph shows the phenomena of ‘‘ plucking.” 


New York 
Photographed by G. K. Gilbert 
4 by 5inches. Negatives in United States Geological Survey 


Shore of lake Ontario, Griffin bay, New York. The waves have excavated 
a cliff from boulder clay, but have not been able to remove the larger 
boulders (No. 922). 

Shore of lake Ontario, Griffin bay. A barrier of shingle separates a lagoon 
from the lake (No. 923). 

On western shore of Cayuga lake, at Kast Varick, New York. A delta modi- 
fied in outline through deflection of shore currents by a projecting pier 
(No. 924). 

Views of Lroquois shore, near Wolcott, New York. A_ sea-cliff, cut from a 
drumlin, appears just to the right of the center, and a spit running to 
the left bears a house and barn (No. 25). 
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Portion of [roquois shore, near Wolcott. The camera stands on a spit and 
is turned toward a sea-cliff cut from a dramlin (No. 926). 

Iroquois shore, near Constantia, New York. The camera stands on a beach 
ridge of gravel. Compare modern beach in No. 123 (No. 914). 

Iroquois shore, near Pierrepont manor, New York. Excavation of till by 
the waves left a cut terrace set with large boulders. Compare with No, 
737 (No. 928). 

lroquois shore, near Pierrepont manor. Excavation of till by tiie waves left 
a cut terrace set with large boulders. Compare with No. 737 (No. 929). 

Iroquois shore, section of spit, 3 miles east of Watertown, New York. The 
open lake lay at the left, a bay at the right. The spit was accumulated 
by additions on the landward side (no negative). 

Wall composed of limestone blocks rounded by wave action on an ancient 
shore of lake Ontario, 5 miles east of Watertown (No. 931). 


5 by 7 inches 


Shore of lake Ontario, Niagara county, New York. Illustrates mode of 
origin of beach shingle by showing rock in place and angular rocks re- 
cently detached (No. 1743). 

Beach of flat shingle. Shore of lake Ontario at Golden Hill creek, New 
York (No. 1744). 

Beach of well rounded shingle. Shore of lake Ontario at Golden Hill creek, 
New York (No. 1745). 

Cemented shingle in spit of glacial lake Iroquois at Lewiston, New York 
(No. 1746). 

Section of spit of glacial lake Iroquois at Lewiston. The dip is landward, 
indicating growth on the inside of the spit (No. 1747). 


2. Section of spit of glacial lake Lroquois at Lewiston. The dip is landward, 


indicating growth on the inside of the spit (No. 1748). 

Cut terrace of the Iroquois shore line, 2 miles west of Dickersonville, New 
York. Lacustrine plain, bed of lake Lroquois, near Jeddo, New York 
The water edge was at base of cliff. The cliff'is carved from Medina shale 
(No. 1749). 

Till plain, 3 mile south of Jeddo, Niagara county, New York (No. 1750). 

Cross-bedding and unconformity in sand kame, 3 miles east of Lockport, 
New York (No. 1751). 

Till. Shore of lake Ontario, Wilson, New York (No. 1752). 

Deposit by torrent of Erian water on the withdrawal of the ice-sheet from 
the escarpment at Lewiston, New York. Unassorted and unworn allu- 
vium (No. 1753). 

Section of talus, Niagara gorge (No. 1754). 

Angular gravel in kame, south of Royalton, Niagara county, New York 
(No. 1755). 

Solitary gravel kame, 3 miles south of Middleport, New York (No. 1756). 

Escarpment of the Niagara limestone; looking west from a point on the talus 
near Lewiston, New York (No. 1757). 

Niagara escarpment capped by Niagara limestone; looking east from a point 
5 miles west of Lockport, New York (No. 1758). 
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Niagara escarpment without capping of Niagara limestone; looking west 
from a point near Middleport, New York (No. 1759). 


. Drowned valley of Twelve-mile creek, near Wilson, Niagara county, New 


York. Water lilies grow on submerged alluvial plain (No. 1760). 

Head of estuary of Twelve-mile creek, Niagara county, New York. Sub- 
merged alluvial plain supports rushes (No. 1761). 

Estuary of Kighteen-mile creek, near Olcott, Niagara county, New York. 
Channel deep, current slow. Submerged alluvial plain supports rushes. 
(No. 1762). 

Valley of Kighteen-mile creek, Niagara county, above head of estuary. 
Channel shallow, current rapid; alluvial plain dry except during flood 
(No. 1763). 

Post-Glacial anticline, Hopkins creek, Niagara county, New York. The dis- 
placement of the rocks is accompanied by a superficial ridge traversing an 
alluvial terrace (No. 1764). 

Section of Niagara limestone, Cooks quarry, near La Salle, Niagara county, 
New York. Shows structure described by James Hall, Geology of Fourth 
District of New York, pages 93 and 94 (No. 1765). 


. Section in cut of Erie railway, Niagara falls, New York. Shows structure 


described by James Hall, Geology of Fourth District of New York, pages 
93 and 94 (No. 1766). 


. Weathering of Niagara limestone by solution. A joint face exposed in quar- 


rying southwest of Middleport, New York (No. 1767). 

Weathering of Niagara limestone by solution; old quarry southwest of Mid- 
dleport (No. 1768). 

Unconformity by erosion. Sandstones and shales of the Medina formation, 
Niagara gorge (No. 1769). 

Isolated limestone mass at base of Niagara shale, containing “ transition 
fauna” of Ringueberg (No. 1770). 


. Section of ripple-mark on Medina sandstone, Lockport, New York. From 


crest to crest, 23 feet; depth of trough, 29 inches (No. 1771). 
Flagstone in court-house yard, Elyria, Ohio. Shows reticulated ripple- 
marks (No. 1772). 


. Trough of large ripple-mark in Medina sandstone, Niagara gorge, New York 


(No. 1773). 


78. Crest of large ripple-mark in Medina sandstone. Quarry near Lewiston, 


New York (No. 1774). 


. Crest of large ripple-mark in Medina sandstone. Quarry in Lockport, New 


York (No. 1775). 

Diverse cross-bedding associated with large ripple-marks in Medina sand- 
stone. (Quarry near Lewiston, New York (No. 1776). 

Quarry face in Medina sandstone, Lockport, New York (No. 1777). 


. Quarry face in Niagara limestone, Lockport, New York. The joint face 


shows weather fracture (No. 1778). 


3. Shore of lake Ontario at Wilson, New York. Train of shore drift from right, 


being arrested by bew-pin, begins to accumulate and partly protects bluff 
from wave attack. Dearth of shore drift under lee of pier favors wave 
attack ; bluff eaten back 45 feet. Bluff contains two tills and cover of lam- 
inated clay, a deposit from lake Iroquois. Boulder pavement at top of 
lower till, indicated by arrow (No. 1779). 
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6 by 8 inches 


. Channel opened by Erian drainage while the ice-sheet occupied the Ontario 


basin, between Syracuse and Jamesville, New York. The channel is 
traversed by the Delaware, Lackawanna and Western railroad ; looking 
west (No. 601). 


785. Channel opened by Erian drainage while the ice-sheet occupied the Ontario 


787. 


788. 


797. 


799. 


S00. 


basin. ‘Two miles southwest of Jamesville, New York (No. 604). 


. Channel opened by Erian drainage while the ice-sheet occupied the Ontario 


basin. Three miles east of Marcellus village, New York; looking east. 
The upland through which the channel was eroded forms the skyline at 
the right (No. 630). 

The Gulf. A channel opened by Erian drainage while the ice-sheet occu- 
pied the Ontario basin. Four miles west of Marcellus village; looking 
east (No. 646). 

Channel opened by Erian drainage while the ice-sheet occupied the Ontario 
basin; three miles west of Palmyra, New York; looking west. The north 
wall, composed of drift, forms the skyline at the right. Boulders washed 
out of the drift appear in the foreground (No. 689). 


. Fractured anticline of post-Glacial formation in Helderberg limestone ; Split 


rock, near Syracuse, New York; looking north (No. 623). 
Fractured anticline of post-Glacial formation in Helderberg limestone; Split 
rock, near Syracuse ; looking south (No. 624). 


. Watkins Glen, New York; a post-Glacial canyon in Devonian shale (nega- 


tive lost). 


. Water-fall in Watkins glen: a post-Glacial canyon (No. 937). 
. Grouped joints in Devonian shale, Watkins glen (No. 938). 
. Drumlin 4 miles south of Newark, New York. Oblique view from the north- 


east (No. 684). 


. Side view of drumlins 5 miles south of Newark, New York; looking west- 


southwest. The direction of the ice motion was from right to left (No. 686). 


. Side view of drumlin about 2 miles southwest of Jamesville, New York. Ice 


motion from left to right (Nos. 606 and 607, panorama). 
4 by 5 inches 


Section of anticlinal ridge in railway cut one mile east of Dunkirk, New 
York. Therock isa black shale of Devonianage. The anticlinal structure 
was imposed after the retreat of the Pleistocene ice-sheet (No. 912). 


. Shore of Lake Ontario, at Pillar point, New York. Removal of glacial de- 


posits by the waves has exposed a typical glaciated surface traversed by 
a few scratches ascribed to the grounding of icebergs. Published by T.C. 
Chamberlin, Seventh Annual Report U. 8. Geol. Survey, page 166 (No. 915). 

Shore of lake Ontario at Pillar point, New York. The aberrant scratches 
are ascribed to the grounding of icebergs. Same subject as No. 798 (No. 
916). 


Photographed for J. F. Kemp, Columbia University, New York 


5 by 7 inches 


Portage sandstone at Enfield gorge, near Ithaca, New York. 
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Photographed by H. L. Fairchild, Rochester, New York 
63 by 83 inches 
Lower Clinton limestone, with iron ore, ravine of the Genesee. 


Photographed by W. H. Pynchon, Hartford, Connecticut 
4 by 5 inches 


. Old shoreline of lake Ontario, near Rose village, New York, about 3 miles 


south of Sodus bay (No. 11). 


3. Contact of Calciferous on fundamental gneiss; Little falls of the Mohawk, 


New York. The locality ison a cut of the West Shore railroad. Close 
upon the gneiss is a thin layer of conglomerate, considered to belong to 
the Calciferous (No. 9). 


. High falls of Genesee river at Rochester, New York. The lower fall (in the 


foreground) is determined by the Medina sandstone, the one next above 
by the limestone of the Clinton (No. 12). 


Photographed by C. D. Walcott 


63 by 83 inches. Negatives in United States Geological Survey 


. Middle quarry of the Penrhyn Slate Company, Middle Granville, Washington 


county, New York. Illustration of the bedding of the roofing slate. It 
is coincident with the line of cleavage (No. 97). 


3. Same as 805; the light-colored stratum is a brecciated limestone conglom- 


erate in a massive layer coincident with the cleavage of the roofing slate ; 
northern and eastern sides of quarry (No. 99). 


. Same as 806 (No. 100). 
. Sandstone in Hudson shales, town of Argyle, Washington county, New 


York (No. 104). 


. Cliffsin Topmans gulf, Jefferson county, New York. Lorraine rocks; Utica 


shale with interbedded sandstone of the Lorraine series coming in above 
(No. 46). 

Illustration of the decay of the upper semi-crystalline beds of the Trenton 
limestone at Rusts quarry, on east bank of West Canada creek, above 
Trenton Falls, New York (No. 113). 

Cut in drift about one mile northwest of Gravesville, Herkimer county, 
New York (No. 118). , 

Distant view of “ High falls,’’ at Trenton Falls, New York (No. 112), 

Boulder imbedded in crystalline Algonkian limestone, one mile north of 
Fort Ann, Washington county, New York, on roadside to Comstocks 
(No. 93). 


. Large boulder in crystalline Algonkian limestone, one mile north of Fort 


Ann, on roadside to Comstocks, Washington county, New York (No. 92). 


. Interior of Dixon plumbago mine, four miles west of Hague, Warren county, 


New York (No. 53). 


. Exterior view of Dixon plumbago mine, four miles west of Hague, Warren 


county, New York (No, 54). 
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Photographed by N. H. Darton 


6} by 8 inches. Negatives in United States Geological Survey 


; Nos. 818-828, 830-834, 836, 838, 840-842, 845-850, 852-856 are published in Report 
. of State Geologist of New York for 1893 
‘ 817. Calciferous sandrock on East Canada creek, two miles above its mouth, Herki- 


mer county, New York (No. 133). 
. 818. Calciferous on East Canada creek, one mile above its moutly (No. 154). 

$19. Fault and dike in east bank of East Canada creek, a mile above its mouth 
(No. 131). 

820. Fault and dike in east bank of East Canada creek, 1 mile above its mouth, : 
looking east. On the left is Calciferous, with a breccia along the fault 
plane. In the center is the dike, which is a melilite-diabase. On the 
right are Trenton limestones below and shales and thin sandstones of the 
Utica formation above. The central opening is an adit made by pros- 
pectors (No. 132), 


821. Ravine in Utica shales behind Canajoharie, New York (No. 143). , 
2° $22. Gorge of Mohawk river, at Little Falls, New York. Calciferous in the fore- 
ground and to the left. Crystalline rocks along the river to the left and P 
: hills of Utica shale in the background. Looking west (No. 136). ; 
ry 823. The principal falls of Trenton Falls, New York, over Trenton limestone (No. ‘ 
137). 
824. Cascade in upper gorge at Trenton Falls, over Trenton limestone (No. 146). 8 
825. Potsdam sandstone lying on crystalline rocks, just below Jessups landing, on 
Hudson river, Saratoga county, New York. Shows thin bedded sandstones 
and basal conglomerates and many points of actual contact with the erys- 8 
talline rocks (No. 116). 
826. Potsdam conglomerate on crystalline rocks near Mosherville, Saratoga county, 8 
New York (No. 118). 
827. Glaciated surface of Potsdam conglomerate near Mosherville (No. 117). 
828. Glens falls, on Hudson river. Looking west (No. 120). ¢ 
829. Quarry in Trenton limestone, south bank of Hudson river, Glens Falls, New 
4 York (No. 121). 85 
. 830. Calciferous on crystalline schists, West Shore railroad cut one mile west of 
. Downing station, New York. Looking south (No. 128). 85 
, Lower portion of gorge at Trenton Falls, New York (No. i41). 
. Spencer falls, Trenton Falls, New York, over Trenton limestone (No. 140). 85 


. Quarry at Howes cave, Schoharie county, New York. Pentamerus and _ten- 
taculite beds of the Helderberg limestone (No. 148). 
’ 834. Pentamerus and tentaculite beds of Helderberg limestone at Indian Ladder, re 
Albany county, New York (No. 157). 
835. The Helderberg escarpment at Indian Ladder, Albany county, New York. 


‘ Slopes of Hudson shale, cliffs of tentaculite, and pentamerus limestones; 854 
looking south (No. 154). 
856. Part of panorama to the westward of 835, showing the ‘‘ gulf” at Indian 833 


Ladder (No. 155). 
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The Helderberg escarpment south of Indian Ladder, Albany county, New 
York ; looking southwest. Slopes of Hudson shale in the foreground. 
High cliffs of pentamerus beds of the Helderberg, surmounted by terraces 
of overlying limestones. Hills of Hamilton group in the background to 
the right (No. 156). 

. Quarry in Helderberg limestones just south of South Bethlehem, Albany 

county, New York. Exhibits tentaculite and pentamerus beds, used for 

road metal; looking south (No. 158). 


. Road metal quarry in pentamerus and tentaculite beds of Helderberg lime- * 


stones at South Bethlehem (No. 159). 
. Creek falling into limestone cave (pentamerus beds of Helderberg limestone), 
west of Coxsackie, New York (No. 161). 


. Overturn and fault of Sprayt creek, one mile west of South Bethlehem, Al- 


bany county, New York. ‘To the left are the Hudson shales, exhibiting 
an overturned anticlinal with nearly horizontal axis. They are overlain 
by thin-bedded Helderberg limestones, and at the top are heavier bedded 
limestones, which are overthrust along a fault plane which is seen in the 
middle of the right-hand side of the photograph (No. 162). 


2. Anticlinal in Esopus shales (Cauda galli), Catskill creek, near Leeds, Green 


county, New York (No. 168). 


3. Northern front of Catskills, and Cairo knob, from near Leeds. Catskill 


creek in the fore and middle ground (No. 186). 


. Wittemburg range, southern Catskills, from half a mile east of Shokan sta- 


tion; looking west (No. 185). 


5, Esopus shales, on west bank of Esopus creek, two miles above Saugerties, 


New York. Ledges of Oriskany sandstone are seen along the east bank 
(No. 167). 


i. Champlain clay lying against Helderberg limestones, west shore of Hudson 


river, near Rondout, New York ; looking north (No. 169). 


7, Quarry in Becraft limestone, Rondout, New York; looking north (No. 175). 
. Cement beds and limestones on Wallkill Valley railroad, one mile south of 


Whiteport, New York (No. 177). 
. Arch in Salina and Clinton beds at High Falls, Ulster county, New York ; 
looking north (No. 182). 


. High Falls, Ulster county, New York. Over cement beds of the Salina for- 


mation ; looking north (No. 180). 


. Clinton and Salina formations in west bank of Rondout creek at High 


Falls, Ulster county, New York (No. 181). 


. Looking southward across lake Mohonk, Ulster county, New York. This 


lake is surrounded by cliffs of Shawangunk grit. Published in National 
Geographic Magazine, volume vi, plate 2 (No. 190). 


». Eastern face of Shawangunk mountain, two miles south of lake Mohonk, 


Ulster county, New York. Shawangunk grit lying on Hudson shales. 
Published in National Geographic Magazine, volume vi, plate 3 (No. 196). 


. Cliffs of Shawangunk grit on west shore of lake Mohonk, Ulster county, 


New York (No. 189), 


. Awosting falls, on the Peterkill, near lake Minnewaska, Ulster county, New 


York. Over Shawangunk grit (No. 192). 


5. Honk falls, over flaggy beds of Devonian age, near Napanoch, Ulster courty, 


New York; looking north (No. 188). 


LXI—Bun. Soe, Am, Vou. 13, 1901 
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Photographed by J. P. Bishop, 109 Norwood Avenue, Buffalo, New York 
5 by 8 inches 


Setting-tank for brine, Kerr salt works, Rock Glen, New York. 
Works of Warsaw Salt Company, Warsaw, New York. 

Salt pan, Genesee salt works, Biffard, New York. 

Kettles with steam jacket, Standard works, Warsaw, New York. 
Grainer process, Perry salt works, Perry, New York. 

Barreling salt, Castile, New York. 

Breaker, Retsof salt mine, Griegsville, New York. 

Interior of same showing kettles. 

Solar salt works, Syracuse, New York. 

Draining salt, Solar salt works, Syracuse, New York. 

Carting salt, Solar salt works, Syracuse, New York. 


Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches 
The Adirondacks, looking eastward from the summit of mount Marcy 
Photographed by S. R. Stoddard, Glens Falls, New York 
6 by S inches. 35 cents each 


Ausable chasm; grand flume, from rapids down (No. 19). 
Ausable chasm ; view upward from Table rock (No. 17). 


. Ausable chasm; Rainbow falls (No. —). 


Ausable chasm ; column rocks (No. 13). 
Lake George ; panorama from Pearl point to Black mountain (No. 804). 
Lower Ausable lake, Adirondacks (No. 486). 


75. Lake Placid and Mirror lake; from Grand View house (No. 79). 


Indian pass, Adirondacks (No. 436). 

Lake Champlain; looking northeastward from Westport (No. 556). 
The palisades of lake Champlain (No. 560). 

Upper Ausable lake; ‘‘ The Gothics’’ (No. 488). 

Upper Ausable lake; Haystack mountain (No. 489). 

Clear lake, from mount Jo, Adirondacks (No. 66). 

Howes cave, New York; ‘‘ The Eagles Wing”’ (No. 515). 

Howes cave, New York; “‘ Alabaster Hall’’ (No. 521). 


. West Point; looking northward from plain (No. 131). 


Glens Falls, Hudson river (No. 543). 
Lower falls, Falls Creek gorge, Ithaca, New York (No. —). 


5 by 8S inches. 30 cents each 


The trail of the charcoal-burner, Adirondacks (No. 494). 
Ray Brook, Adirondacks (No. 75). 

Ausable chasm, Adirondacks (No. 404). 

Upper Ausable lake, from Boreas bay (No. 34). 

View from Saint Regis mountain, Adirondacks (No. 72). 
Bog River falls, Adirondacks (No. 559). 

Trap dike, Avalanche lake (No. 1057). 
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804. Avalanche lake, Adirondacks (No. 1055). 

995. Hudson river, looking northward from West Point (No. 1311). 
$96. Hudson river, looking southward past Poughkeepsie (No. 1315). 
897. Hudson river, looking northward from Fort Putnam (No. 1307). 


Photographed by E. L. Edgerly, New York, New York 
4 by 5 inches 
898. Drift boulder, Bronx park, New York city. 
899. Drift boulder, Bronx park, New York city. 
900. Drift boulder, Bronx park, New York city. 
1. Glaciated surface, Bronx park, New York city. 


Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches Pcs 

W2. Glacial furrows, Bronx park, New York city. The furrows are not far from 
the rocking stone, but they have no connection with it. They strike in 
a northwesterly direction across the foliation of the gneisses. 

903. Rocking stone in Bronx park, New York city. By timing the effort to the 
period of the stone a man can make the top of the stone describe an arc 
of about 3 inches. 

Photographed by E. L. Ferguson 
63 by 83 inches 


4. Perched rock in Westchester county, New York, near Mount Kisco. 6 


Photographed by J. Fo Kemp, Columbia University, New York 
5 by 7 inches. Pe 


"5. Boulder clay, new site of Columbia University, New York. 


Photographed by J. K. Hillers 

Il by I4 inches. Negatives in United States Geological Survey + 
6. The rapids above Niagara falls, seen from the Canadian side (No. 71). ; 
7. The rapids and Canadian falls of Niagara, seen from Goat island (No. 6). 
WS, Niagara falls, from the American side (No. 73). 
09. The American portion of Niagara falls, from Goat island (No, 74). 
#0. The American portion of Niagara falls, from the Canadian side (No. 75). 
1. The American portion of Niagara falls, from the Canadian side (No. 63). 


Nortru CAROLINA 


Photographed by I. C. Russell 


8 by 10 inches. Negatives in United States Geological Survey 


12. Fault in sandstone and shale of the Newark system, Bogan cut, near Wades- . 


borough, North Carolina. Hade toward the west (No. 175). ae 
13, Decomposed trap rock in Newark system at Wadesborough (No. 176). 
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Photographed by Arthur Keith 
64 by 8) inches. Negatives in United States Geological Survey 


Grandfather mountain and Watauga valley; looking west from the Blue 
ridge, North Carolina (No. 51). 

West end of Grandfather mountain, showing above Blue ridge, North Caro- 
lina (No. 52). 

South side of Grandfather mountain, from Yonahlossee road (No. 53). 

Dissected plateau of Blue ridge at head of New river, North Carolina (No. 58). 

Blue ridge and Blowing rock ; looking east across the head of Johns river, 
North Carolina (No. 56). 


Photographed by J. K. Hillers 
ll by 14 inches. Negatives in United States Geological Survey 


Looking north toward Asheville from High Point, North Carolina (No. 292). 
View of the French Broad, North Carolina (No. 259). 

View on the French Broad (No. 258). 

View on the French Broad (No. 256). 

View on the French Broad (No. 260). 

View on the French Broad (No. 255). 

View on the French Broad (No. 261). 

Hickory Nut gap, North Carolina (No. 278). 

Hickory Nut gap (No. 277). 

Hotel in Hickory Nut gap (No. 276). 

Hickory Nut gap (No. 281). 

Hickory Nut gap (No. 279). 

Cranberry iron works, North Carolina (No. 265). 

Cranberry iron mines (No. 271). 

Cranberry iron works (No. 266). 

From the top of Blue Ridge gap, North Carolina, looking west (No. 282). 


Photographed by G. Ky Gilbert 
5 by 7 inches. Negatives in United States Geological Survey 


Dunes, Biggs, Oregon (No. 506). 

Dunes, Biggs (No. 509). 

Dunes, Biggs (No. 507). 

Wind-made ripples on dune, Biggs (No. 514). 

Wind-made ripples on dune, Biggs (No. 513). 

Spheroidal structure in voleanic rock. One mile east of Cascade locks, 
Oregon (No. 527). 


Photographed by J. 8. Diller 


5 by 7 inches. Negatives in United States Geological Survey 


The cable and house of the light-house keeper at mouth of Coos bay (no 
negative). 
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OREGON 


Rose’s black sand mine. The bedrock in the foreground of Eocene shales 
and highly tilted. Upon this rests the black sand, which is overlaid by a 
considerable thickness of sands and clays (No. 364). 

PeNNSYLVANIA (INCLUDING NorrHern DELAWARE) 


Photographed by BE. B. Harden for the Geological Survey of Pennsylrania 


Negatives in photograph gallery of United States Geological Survey. They bear 


959. 


960. 


961, 


Harden's negative numbers, by which they should be ordered 


Gilmore’s slide tipple. Report K 4, Second Geological Survey of Pennsy!|- 
vania, plate iii (No. 1586). 

Caledonia tipple. Report K 4, Second Geological Survey of Pennsylvania, 
plate i (No. 1588). : 

Venetia Mine tipple, Peters creek. Report K 4, Second Geological Survey 
of Pennsylvania, plate xi (No. 1590). 

Little Saw-mill Run Railroad Company’s tipple, South Pittsburg. Report 
K 4, Second Geological Survey of Pennsylvania, plate x (No. 1591). 

Amity Mine tipple. Report K 4, Second Geological Survey of Pennsylvania, 
plate ix (No. 1592). 

Relief map of the rocky ridge and east broad top coal basins, in Huntington 
county, Pennsylvania. By Edward B. Harden (No. 1596). 

Relief map of Bald Eagle mountain and Nittany valley. By Edward B. 
Harden (No. 1597). 

Model of the Cornwall iron ore mines, looking north. Annual Report of 
Geological Survey of Pennsylvania, 1885 (No. 1598). 

Compressed air locomotive, Old Eagle mine. Report K 4, Second Geological 
Survey of Pennsylvania, plate v (No. 1599). 

Deshong's quarry, near Chester, Pennsylvania (No. 1601). 

Ward’s quarry, near Chester, Pennsylvania (No. 1602). 

Ohlinger Dam quarry, showing both dip and cleavage in Laurentian gneiss, 
3 miles northeast of Reading, Pennsylvania. Report D 3, volume 2, See- 
ond Geological Survey of Pennsylvania (No. 1604). 

Leiper quarry, Delaware county, Pennsylvania (No. 1605). 

Leiper quarry, Delaware county, Pennsylvania (No. 1607). 


. Old Quarry No. 2, at Slatington, Lehigh county, Pennsylvania, looking west. 


Report D 3, volume I, Second Geological Survey of Pennsylvania, 1882, 
plate 1 (No. 1609). 

American slate quarry No. 1, Slatington, Pennsylvania, looking southwest. 
Report D3, volume 1, Second Geological Survey of Pennsylvania, IS83, 
plate 2 (No. 1610). 

Trap on the south side of the Cornwall big hill, where the spiral railroad 
enters the upper workings. Annual Reportof Geological Survey of Penn- 
sylvania, 1885 (No. 1612). 

Feldspar quarry, Brandywiue Sammit kaolin works, Delaware county ; 
looking northeast, plate xxiii (No. 1613). 

American kaolin works, New Garden township, Chester county ; looking 
north. Report C 5, Second Geological Survey of Pennsylvania, plate, 
xxvii (No. 1614). 
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Kaolin mine at Hockessin, Delaware ; looking northeast. Report C5, Second 
Geological Survey of Pennsylvania, plate xxviii (No. 1615). 

Potsdam sandstone of Neversink hills, exposed in the railway cut at the 
Lover’s Leap, 3 miles south of Reading, Berks county, Pennsylvania; 
looking southeast. Report D 3, volume 2, Second Geological Survey of 
Pennsylvania (No. 1617). 


. Contorted gneiss; Schuylkill river, } mile above Lafayette station, Schuyl- 


kill Valley railroad. No. 158 (No. 1618). 

Cut on Schuylkill Valley railroad, showing ‘‘ creep” (No. 1619). 

Kettle-holes in the moraine in Cherry valley, Monroe county, Pennsylvania; 
looking north-northeast. Report Z, Second Geological Survey of Penn- 
sylvania, plate vii (No. 1620). 

The terminal moraine crossing Cherry valley, Monroe county, Pennsyl- 
vania; looking southwest. Report Z, Second Geological Survey of Penn- 
sylvania, plate viii (No. 1621). 

Long ridge; the terminal moraine on the Pocono plateau, 2,000 feet above 
tide; Monroe county; looking north-northeast. Report Z,Second Geolog- 
ical Survey of Pennsylvania, plate ix (No. 1622). 

Moraine kettle and kames in Cherry valley, Monroe county, Pennsylvania. 
Report Z, Second Geological Survey of Pennsylvania, plate x (No. 1623). 

Kames in Cherry valley, Monroe county, Pennsylvania. Report Z, Second 
Geological Survey of Pennsylvania, plate xi (No. 1624). 

Glacial scratches on Clinton red shale (No. 5), near Fox gap, Monroe county, 
Pennsylvania, plate xii (No. 1625). 

Great glacial grove on table rock, at the Delaware water gap. Report Z, 
Second Geological Survey of Pennsylvania, plate xv (No. 1626). 

The terminal moraine west of Coles creek, in Columbia county. Report Z, 
Second Geological Survey of Pennsylvania, plate xviii (No. 1627). 

Glacial till exposed at the Bangor slate quarry at Bangor, Northampton 
county. Report Z, Second Geologi¢al Survey of Pennsylvania, plate iv 
(No. 1628). 

A glaciated boulder at the Bangor slate quarry, at Bangor, in Northampton 
county, Pennsylvania. Report Z, Second Geological Survey of Pennsy!- 
vania, plate v (No. 1629). 

‘Terminal moraine near Saylorsburg, Monroe county, Pennsylvania ; looking 
north-northwest. Report Z, Second Geological Survey of Pennsylvania, 
plate vi (No. 1630). 

Boulder of Pottsville conglomerate on the crest of Penobscot mountain, 
Luzerne county, Pennsylvania; looking west. Report Z, Second Geolog- 
ical Survey of Pennsylvania, plate xvi (No. 1651). 


. The Bryn Mawr gravel at Crawford’s fireclay pit, Delaware county, looking 


north 34 degrees west. Report C 5, Second Geological Survey of Pennsyl- 


vania, plate xxii (No. 1633). 

Glacial strive on the southern slope of Godfrey’s ridge, in Monroe county, 
Pennsylvania. Report Z, Second Geological Survey of Pennsylvania, 
plate xiii (No. 1654). 

Front side of terminal moraine near Bangor, Northampton county, looking 
southeast. Report Z, Second Geological Survey of Pennsylvania, plate i 
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. Inside view of terminal moraine near Bangor, Northampton county, looking 


northwest. Report Z, Second Geological Survey of Pennsylvania, plate 2 
(No. 1636). 


. Moraine hummocks west of Bangor, Northampton county, looking south west- 


Report Z, Second Geological Survey of Pennsylvania, plate 3 (No. 1637). 


. Castle rock, Edgemont township, Delaware county, Pennsylvania (No. 1640). 
. Lafayette soapstone quarry, Montgomery county, Pennsylvania (No. 1649). 
. Trap boulders, French Creek falls, Pennsylvania (No. 1652). 
. Trap boulders, French Creek falls, Pennsylvania (No. 1653). 
. Trap boulders, French Creek falls, Pennsylvania (No. 1654). 
. Water Sheet narrows, Huntingdon county, Pennsylvania. Juniata river 


(No. 1655). 
sreaker at Hollywood colliery, showing stripping (No. 1656). 


. Synelinal in mammoth bed, Hollywood colliery, Hazelton, Pennsylvania. 


Shows open-work mining after stripping (No. 1657). 


. Gneiss peak on Harvey Thomas farm, L. Bethel township, Delaware county, 


Pennsylvania (No. 1661). 
3urned rocks, Fayette city, Monongahela river (No. 1662). 
Rausch’s gravel quarry, Bethlehem, Pennsylvania (No. 1663). 


. Limestone quarry, Bethlehem, Pennsylvania (No. 1664). 

. Old Wheatley lead mine, near Phoenixville, Pennsylvania (No. 1665). 

. Old Smelting Works mine, near Pheenixville, Pennsylvania (No. 1666). 

. Old Wheatley lead mine, near Phoenixville, Pennsylvania (No. 1667). 

3. Head frame, Kaska William colliery, Schuylkill county, Pennsylyunia (No. 


1669). 


. Delaware water gap (No. 1680). 

. Avondale quarry, Delaware county, Pennsylvania (No. 1681). 

. Contorted gneiss, Spring Mill, Montgomery county (No. 1683). 

. Contorted gneiss, Spring Mill, Montgomery county (No. 1684). 

. Anticlinal on Schuylkill river 2 miles above Port Clinton (No. 1685). 
. Cut on Schuylkill Valley railroad showing ‘‘ creep” (No. 1686). 


Potts’ limestone quarry, below Norristown (No. 1687). 

Limestone quarry, Port Kennedy, Pheenix lron Company (No. 1693). 

Limestone in Schuylkill Valley railroad cut near Mogeetown, Pennsylvania 
(No. 1697). 


. Contorted gneiss of Wissahickon creek, near the Philadelphia and Reading 


railroad bridge. Report C4, plate viii, Geological Survey of Pennsylvania 
(No. 1699). 


. Creep strive on roofing slate, Bangor, Northampton county, Pennsylvania. 


Report Z, plate 61, Geological Survey of Pennsylvania (No. 1700). 


. Creep strive on roofing slate, Bangor, Northampton county, Pennsylvania. 


Report Z, plate 61, Geological Survey of Pennsylvania (No. 1701). 


. Glaciated boulder from moraine, base of Huntingdon mountain, near Jones- 


town, Columbia county, Pennsylvania. Report Z, plate 118, Geological 
Survey of Pennsylvania (No. 1702). 
Stripping at Hollywood colliery No. 1, looking east. Report A. C., Second 
Geological Survey of Pennsylvania, page plate No. 52 (No. 1574). 
Workings at Holly wood colliery No. 1, looking south. Report A. C., Second 
Geological Survey of Pennsylvania, page plate No. 53 (1579). 
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Pottsville deep shaft. Report A. C., Second Geological Survey of Pennsyl- 
vania, page plate No. 33 (No. 1589). 

Kohinoor Colliery culm and rock dump. Report A. C., Second Geological 
Survey of Pennsylvania, page plate No. 50 (No. 1583). 

Anderson’s tipple, Venetia, N. W. (No. 1584). 

Black Diamo nple. Report K 4, Second Geological Survey of Pennsyl- 
vania, plate ‘No. 1585). 

Snow Hill tipple. Report K 4, Second Geological Survey of Pennsylvania, 
plate ii (No. 1587). 

New Coal Bluff tipple. Report K 4, Second Geological Survey of Pennsyl- 
vania (No. 1595). 

Breaker in process of construction, Kohinoor colliery. Report A. C., Second 
Geological Survey of Pennsylvania, page plate No. 45 (No. 1581). 

Boring for oil. Sadsbury township, Chester county, Pennsylvania (No. 1659). 

The terminal moraine crossing Fishing Creek valley, Columbia county, Penn- 
sylvania; looking southwest. Report Z, Second Geological Survey of 
Pennsylvania, plate xvii (No. 1632). 

Culm and rock heaps at Shenandoah. Report A. C., Second Geological 
Survey of Pennsylvania, page plate No. 49 (No. 1582). 

Stripping at Hollywood Colliery No. 1; looking east. Report A. C., Second 
Geological Survey of Pennsylvania, plate No. 451 (No. 1577). 

Workings at Hollywood colliery ; looking east. Report A. C., Second Geo- 
logical Survey of Pennsylvania, plate No. 12 (No. 1578). 

Avondale quarry, Delaware county, Pennsylvania (No. 1600). 

Ward’s quarry, near Chester, Pennsylvania (No. 1603) (duplicate of No. 953). 


Photographed by G. P. Merrill, United States National Museum 


Fold in slate quarry, Bangor, Pennsylvania. 
The Franklin slate quarry, Slatington, Pennsylvania, 
Slate quarry, Bangor, Pennsylvania. 


Photographed by C. D. Walcott 
64 by 84 inches. Negatives in United States Geological Survey 


Shales, broken down by superincumbent weight, or creeping; half a mile 
north of Columbia, Lancaster county, Pennsylvania; beside Pennsylvania 
railroad tracks (No. 188¢). 

Different view of 1031 (No. 188d). 

Cliff of massive bedded Lower Cambrian limestone, bluish black at the base, 
white above and capped by thinner layers of adark arenaceous limestone. 
Quarries on the line of the Pennsylvania railroad at Bellemont, Lancaster 
county, Pennsylvania (No. 19a). 

A closer view of the cliff? Quarries at Bellemont post-office, Lancaster 
county, Pennsylvania, on the line of the Pennsylvania railroad (No. 198). 

Quarry near Bellemont post-oflice, Lancaster county, Pennsylvania. This 
quarry shows the breceiation, caused by jointing and cleavage planes, of 


the massive limestone shown in 1033 (199¢). 
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1036. Lower Cambrian limestone, exposed in quarries at Bellemont, Lancaster 
county, Pennsylvania, on line of Pennsylvania railroad, a little east of 881. 
The massive limestones of 1033 are here capped by a band of conglomerate 
limestone which rests on the thin bedded limestone shown in the top of 
quarry (No. 197)). 

1037. Banded Lower Cambrian rocks, just southwest of Emigsville, York county, 
Pennsylvania (No. 184). 

1038. Synclinal fold in Lower Cambrian limestone. Limestone quarry of the east 
side of York, Pennsylvania, within the city limits (No. 192). 

1039. Portion of massive layer of conglomerate limestone. Quarry quarter of a 
mile north of Stoners station, York and Wrightsville railroad, York 
county, Pennsylvania (No. 18la). 


Photographed for N. H. Darton 
64 by 83 inches, Negatives in United States Geological Survey 
1040. Typical field of gabbro boulders, southeastern Pennsylvania (No. 233). 
Photographed by T. C. Hopkins, Syracuse, New York 
35 by 43 inches 


1041. View on the Ohio River bluff opposite Beaver, showing concentric weather- 
ing in shale. The weathering from the joints shows concentric peeling off 
on a large seale, with smaller concretionary masses inside. 


Photographed by W. C. Stevenson 
34 by 43 inches 


1042. Cambrian limestone, Earnest station, Pennsylvania railroad, near Morriston, 
Pennsylvania. 

1M3. Potsdam sandstone exposure, Rhodes quarry, Edge Hill, Montgomery county, 
Pennsylvania. 

144. Potsdam sandstone, Smith's quarry, Edge Hill. 


Sourm Carona 
Photographed under direction of J. K. Hillers 
Il by 14 inches. Negatives in United States Geological Survey 


Published in part in the Ninth Annual Report of the United States Geological 

Survey. 

145. Worst wreck in Charleston, East Bay street, near Chalmers; looking south 
(No. 18). 

146. Displaced coping and portico of old guard-house, southwest corner of Meet- 
ing and Broad streets, looking southwest, Charleston, plate xv (No. 16). 

147. Displaced gable, southeast corner of Queen and Mazyck streets, looking south- 
southeast, Charleston (No. 5). 
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Displaced towers and coping of City hospital, southwest corner of Logan and 
Magazine streets, looking west, Charleston (No. 20). 

The same, looking west-southwest, Charleston, plate xviii (No. 21). 

Saint Philips church, Church street between Queen and Cumberland streets, 
looking north, Charleston, plate xvi (No. 2). 

Displaced chimney, southwest corner of Beaufin and Archdale streets, look- 
ing east-northeast, Charleston (No. 19). 

Thrown gable and twisted chi::ney, residence of late Bishop Lynch, Broad 
street opposite Orange, looking northeast, Charleston (No. 6). 

Thrown portico, Hibernian hall, Meeting street opposite Chalmers, looking 
north-northwest, Charleston (no negative). 

Fissure in front of 167 Tradd street, between Council and Rutledge, looking 
east-southeast, Charleston (No. 15). 

Characteristic wreck, 167 Tradd street, between Council and Rutledge, look- 
ing southeast, Charleston (No. 3). 

Displaced portico, Synagogue, Hasel street between King and Meeting, look- 
ing north-northwest, Charleston (No. 8). 

Thrown house, looking south, Lincolnville (No. 4). 

Displaced monument, First Presbyterian Church, southwest corner of Meet- 
ing and Tradd streets, looking east, Charleston (No. 26). 

Displaced monument, Saint John’s Lutheran church, Archdale street between 
Clifford and King, looking north, Charleston (No. 32). 

Derailed locomotive, looking west, Ten-mile hill, plate xix (No. 9). 

Sink, Ten-mile hill (No. 13). 

Craterlet, Ten-mile hill, plate xxi; 203, plate xx (No. 11). 

Craterlet, Ten-mile hill, plate xxi (No. 12). 

Craterlet, Ten-mile hill, plate xx (No. 10). 

Craterlet, Ten-mile hill (No. 14). 


Sourn Dakota 


Photographed by N. H. Darton 
6} by 84 inches. Negatives in United States Geological Survey 


Titanotherium beds, edge of Big Bad lands of South Dakota, Corral draw, 
Washington county, South Dakota (No. 264). 

Titanotherium beds on Pierre shale, southeast side of Indian draw; shows 
bed of water-bearing gravel; Washington county (No. 371). 

Big Bad lands; Protoceras sandstones on Oreodon clays, head of Indian 
draw ; looking northwest; Washington county (No. 374). 

Big Bad lands; Protoceras sandstone area; looking southeast into head of 
Cottonwood draw ; Washington county (No. 375). 

Big Bad lands; looking southeast into Cottonwood draw from head of In- 
dian draw; from divide on Protoceras sandstdhe; Washington county 
(No. 376). 

Big Bag lands; spur of south end of Sheep mountain; volcanic ash beds 
near top; Washington county (No. 378). 

Big Bad lands; south end of Sheep mountain and Devils tower; voleanic 
ash bed near top; looking northeast; Washington county (379). 
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id 1073. Big Bad lands; south end of Sheep mountain from the southeast ; volcanic a2 
ash bed near top; Washington county (No. 380). 4 
1074. Protoceras sandstone on Oreodon beds 2 miles east of mouth of Wounded i 
8, Knee creek ; looking east ; Washington county (No. 385). 
1075. Protoceras sandstone area, Big Bad lands (No. 519). 2 
k- 1076. Protoceras sandstone area, Big Bad lands (No. 520). : 
1077. Protoceras sandstone area, Big Bad lands (No. 522). ‘ 
ad 1078.. Protoceras sandstone area, Big Bad lands (No. 523). 
1079. Protoceras sandstone area, Big Bad lands (No. 524). “ 
ng 1080. Natural bridge, Protoceras sandstone area, Big Bad lands (No. 526). ; 
1081. Protoceras sandstone area, Big Bad lands (No. 531). 
ng 1082. Big Bad lands of South Dakota, in the vicinity of the Flour trail; looking % 
north (No. 506). 
k- 1083. Looking west over portion of Big Bad lands near Flour trail (No. 507). ° 
1084. Looking west over portion of Big Bad lands from near Flour trail (No. 509). 
k- 1085. Looking south west overa portion of Big Bad lands near Flour trail (No. 510). 
1086. Sandstone lenses near Flour trail, Big Bad lands (No. 515). 4 
1087. Columns of clay capped by sandstone near Flour trail, Big Bad lands (No. 517). 
et- 1088. Looking down head of South fork of Coral draw, Big Bad lands (No. 532). 
ae 1089. Big Bad lands in the vicinity of Flour trail, looking west (No. 536). 
8 by 10 inches : 
1090. Big Bad lands of South Dakota, east side of Cedar draw, Washington county ’ 
Columns capped by sandstone, White River formation (No. 637). ~ 
1091. Big Bad lands of South Dakota, head of Cedar draw. Erosion forms in ‘ 
Titanotherium sands (No. 643). 
1092. Big Bad lands of South Dakota, east side of Cedar draw. Columns of sandy 
clay capped by sandstone (No. 648). e 
1093. Big Bad lands of South Dakota. A portion of the divide between Battle 
draw and Cedar draw. Oreodon beds of White River formation ( No. 647), pi 
1094. Big Bad lands of South Dakota, looking across head of Battle draw, Washing- 
ton county. Titanotherium beds in middle-ground, overlain by Oreodon 4 ; 
beds on the higher slopes. Late afternoon view (No. 642). i 
Ww, 1095. Fossil tree in lower Cretaceous sandstone southwest of Minnekahta station, E ; 
Southern Black hills (No. 673). a 4 
ws 109%. Thermal spring at Cascade springs, Black hills (No. 672). i 
1097. Granite needles near Harney peak, Black hills (No. 618). “a = 
ian 1098. Granite needles near Harney peak, Black hills, near view; Telephoto (No. : 3 
619). 
| of 109. ‘* Hogbacks ” of Dakota sandstone on south side of Buffalo gap, Black hills, 
looking southwest (No. 622). 
In- 1100, Grindstone quarry in Dakota sandstone north of Edgemont, sowthern mar- 
nty gin of Black hills uplift (No. 670). 
1101. Sandstone dike, southeast of Maitland, in Benton shales (No. 754). 
eds 1102. Beecher rocks. Erosion in pegmatite, south of Custer (No. 746). 
1103. Oligocene cross-bedded gravel in railroad cut south of Fairburn (No, 780). : 
nie 
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6} by 8) inches 


Gypsum in red beds, Hot Springs, Black hills, South Dakota (No. 473). 

Jurassic sandstone on supposed Triassic red beds, 7 miles south of Hot 
Springs, Black hills, South Dakota (No. 474). 

Cone-in-cone concretion in Pierre shale, southeast of Hot Springs, South 
Dakota (No. 472). 

Granite needles near Harney peak, Black hills, South Dakota (No. 465). 

Granite needles near Harney peak, Black hills, South Dakota (southern 
group) (No. 468). 

Natural bridge in middle Jurassic sandstone near Buffalo gap, Black hills 
(No. 480). 

Faulted middle Jurassic sandstone near Buffalo gap, Black hills (No. 479). 

Cambrian sandstone on crystalline schists one mile north of Deadwood, 
South Dakota (No. 256). 


Photographed by C. D. Wateott 
5d by 7 inches. Negatives in United States Geological Survey 


View of pegmatite rocks on Sylvan lake 6 miles north-northeast of Custer, 
Black hills (No. 405). 

View of pegmatite rocks on Sylvan lake 6 miles north-northeast of Custer, 
Black hills (No. 406). 

View of pegmatite rocks on Sylvan lake 6 miles north-northeast of Custer, 
Black hills (No. 408). 

View from the summit of Harney peak, Black hills (No. 410). 

View from the summit of Harney peak, Black hills (No. 412). 


Photographed by J. F. Kemp, Columbia University, New York, New York 
7 by 7 inches 


Open cut in Father de Smet mine, Black hills of Dakota. 

Old Abe cut, Lead City, Black hills. 

Deadwood gulch, near Deadwood, Black hills. The near cliffs are plonolite. 
Bear butte from Plain to South Black hills, a trachyte plug. 


Photographed by Grabill Portrait Company, Chicago, Illinois 
“Spearfish falls,” Black hills. 
** Needle point,’’ Elk canyon, on Black Hills and Fort Pierre railroad. 
Photographed by lowa Geological Survey 
64 by 84 inches 


Canyon in Sioux quartzite, new, taken from bottom, Dell rapids. 
Cross-bedding in Sioux quartzite, Sioux Falls. 

Palisades, showing Sioux quartzite on Split Rock creek, Minnehaha county 
Palisades as in 1125; distant view. 
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TENNESSEE 


TENNESSEE 
Photographed by J. K. Hillers 
11 by l4 inches. Negatives in United States Geological Survey 


Marble quarry, Knoxville (No, 241). 
Doe River gorge (No. 250). 
Doe River gorge (No. 245). 


Photographed by C. D. Waicott 
64 by 82 inches. Negatives in United States Geological Survey 


Folds in Cambrian sandstone and shales ; railroad cut about 1} miles above 
Hampton, Tennessee, on Doe river (No. 137). 

Jompressed anticlinal and fault plane in Nashville sandstone, near western 
end of Little river gap, Chilhowee mountain, Tennessee (No. 159). 

Cliff of Cambrian sandstone, northern side of Doe river gorge, about 2 miles 
above Hampton (No. 143). 

Cliff of Cambrian sandstones; southern side of Doe river gorge, about 2 miles 
above Hampton (No. 142). 


Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches 


The Mary copper mine, based on a great vein of copper-bearing pyrrhotite, 
at Ducktown, Tennessee. The vein outcrops in a marked peneplain of 
mica schists, which is surrounded by a rim of high hills. 

Iron ore mine based on the ‘‘ gossan”’ of a pyrrhotite vein, Isabella mine, 
Ducktown, Tennessee. 


Photographed hy the Geological Survey of Tevas, Austin, Texas 


63 by 8} inches 
Kountz series ; contact of voleanic ash and chalk. 
Kountz series ; flints on hill. 
Pilot Knob series; view under bluff of great anticline ; decomposition of tuff 
and stalagmites. 
Pilot Knob series; bored limestone above tufa. 
Mount Bonnell series ; under the cliff. 
Mount Bonnell series; Colorado river from. 
Bee Spring series; fault in limestone. 
Barton Creek series; fault in limestone. 


Travis Peak series; Trinity beds. 
Shoal creek shell bank ; Exogyra arietina, Roem. 
Flint nodules in chalk ; southern bank of: Colorado river. 
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Urau 
Photographed by C. D. Walcott 
64 by 83 inches. Negatives in United States Geological Survey 


Summit of Carboniferous limestone. Hurricane cliff, about 10 miles south 
of Toquerville (no negative). 

Unconformity between Carboniferous and Permian. On Hurricane cliff, 10 
miles south of Toquerville (No. 9). 

Looking toward the cliffs from south of Virginia City (No. 2). 

Permian cliff east of Toquerville (No. 6). 


VERMONT 
Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches 


Red Cambrian quartzite, as expo8ed in the quarries at Willard’s ledge, Bur- 
lington, Vermont. 

Trap dike in red Cambrian quartzites at the Willard’s ledge quarries, Bur- 
lington. 

Overthrow of Cambrian sandstone on Utica slate, Lone Rock point, just 
north of Burlington. The water is lake Champlain. 

Cambrian sandstone overlying Utica slate, which is not visible in this view, 
having dipped out of sight. Lone Rock point, just north of Burlington. 


Photographed by G. P. Merrill, United States National Museum 
4 by 5 inches 
Marble quarry, West Rutland, Vermont. 
Photographed by C. D. Wateott 
65 by 55 inches. Negatives in United States Geological Survey 


Highgate falls, Vermont (No. 29). 

Brecciated limestone conglomerate. Calciferous zone, 1 mile south of High- 
gate falls (No. 43). ’ 

Seams in limestone filled with cale-spar. Calciferous formation near Lime- 
kiln point, Highgate Springs, Vermont (No. 39). 

Seams in limestone filled with cale-spar. Calciferous formation near Lime- 
kiln point, Highgate Springs (No. 41). 

Contact of rocks of lower Cambrian and lower Ordovician age, on the line 
of the great fault, about 23 miles northeast of Highgate Springs (No. 37). 

Plane of overthrust fault, north side of river, below Highgate falls (No. 31). 

Plicated slates, 13 miles east of Wells post-office, Rutland county, Ver- 
mont (No. 74). 

Summit of an anticlinal fold, 4 miles west of West Arlington, Vermont (No. 


73). 
Plane of overthrust fault, north side of river, below Highgate falls, Ver- 
mont (No. 30). 
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Vireinia AND West VinGinia 
Photographed by J. Erbach 
11 by 14 inches. Negatives in United States Geological Survey 


1165. Outerop of coal at Bingly slope, in the north end of the Black Heath basin. 
View along a recent slope; looking north 12 degrees west. Richmond 
coal field, Virginia. 

1166. Irwin Bass place, western border, south of Mosley junction. Upper part of 
ravine in gneiss just west of border. Shows terraces and graded streams. 
Recent stream work. 

1167. A dry swamp hole northwest of Skinquarter, Virginia, showing mud-cracks 
and grass border, after a protracted drought. 

1168. Fragment of prismatic coke from Saunders slope, at Gayton, between 600 
and 700 foot level, at contact with decomposed vertical trap dike. This 
is the popping coke. 

1169. An outcrop of the columnar coke, north of Saunders slope, in valley of 
small stream. Slaty band at top. 

1170. View of south bank of James river from Mr Parson’s house, at Vinita, Vir- 
ginia, flood-plain in foreground ; looking south. 

1171. James river and Cornwallis hill ; looking west-northwest from Goat hill. 


Dismal Swamp Series. Photographed by I. C. Russell 
63 by 84 inches 


Numbers 1172, 1173, 1174, 1175, 1180, 1182, 1184, and 1187 published by N. 8, 
Shaler in the Tenth Annual Report of the United States Geological Survey. 


1172. View showing the general aspect of the swamp in the district where the 
forest is relatively dense. In the foreground a single elevated root arch 
of the black gum is plainly shown ; also a great number of cypress knees 
(No. 272). 

1173. Southern margin of Dismal swamp, 12 miles west of Elizabeth City, North 
Carolina, showing the general aspect of the swamp in the month of May. 
The spur-like projections in the foreground are the knees belonging to the 
roots of the large cypress on the left hand. The gnarled excrescences at 
its base exhibit one type of root arches. In the center of the picture is a 
single root arch of the common type (No. 270). 

1l74. View showing general aspect of the wide, swampy channels which connect 
the main Dismal swamp with the tributary morasses lying to the west 
(No, 280). 

1175. View of the swamp about a mile and a half east of Drummond lake, show- 
ing the ordinary condition of the wetter parts of the swamp in the grow- 
ing season (No. 263). 

1176. Southern margin of the swamp near Elizabeth City, North Carolina (No. 283). 

1177. View near the southern border of the main swamp near Elizabeth City, 
North Carolina (No. 284). 

78. View of Jericho diteh (No. 273). 

1179. Cypress trees in the eastern part of lake Drummond (No. 271). 
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Cypress trees in the eastern part of lake Drummond (No. 275). 

View of the western shore of lake Drummond, showing the wall-like char. 
acter of the forest growth (No. 278). 

View of Jericho ditch. The foliage on the right hand represents a cane- 
brake. The trees on the left hand of the picture are of second growth 
(No. 277). 

View of Jericho ditch (No. 276). 

View showing thinly wooded portion of the main swamp area. The trees 
are mostly of second growth; the surface bears a scanty growth of cane 
(No. 282). 

View showing the general aspect of the wide, swampy channels connecting 
the main Dismal swamp with tributary morasses lying to the west of that 
area (No. 285). 

View of Jericho ditch (No. 279). 

Dismal Swamp canal; looking southward from the village of Wallaceton. 
The land on either side has been reclaimed from the original condition 


of swamp (No. 274). 


Photographed by C. D. Walcott 
63 by 84 inches. Negatives in United States Geological Survey 


Lace falls, Cedar creek ; 1 mile above Natural bridge, Virginia (No. 136). 

Natural bridge, Virginia, from southeastern side (No. 119). 

Natural bridge, from northwestern side; looking through arch (No. 123). 

Natural bridge, from southeastern side (No. 121). 

Erosion of slaty banded limestone ; bed of Cedar creek, about 1 mile below 
Natural bridge (No. 133). 

Plicated slaty limestone ; same locality as 1192 (No. 129). 

Contorted slaty limestone; same locality as 1192. Massive limestone in 
foreground (No. 135). 

Folds in Cambrian shales; northern bank of Cedar creek; 1) miles below 
Natural bridge (No. 130). 


Photographed by C. H. James, 624 Arch Street, Philadelphia, Pennsylvania 


Stereoscopic views of the Luray caverns of Virginia. Price, 25 cents each 
’ 
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1206. 
1207. 


Side view in ball-room. 
Collin’s grotto. 
Entrance to ball-room. 
Double column. 
Giant’s hall. 

Lost blanket. 

Titania’s veil from Hollow column. 
Empress column. 
Saracen’s tent. 

Fallen column. 

Organ room. 

Skeleton gorge. 
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Photographed by I. C. Russell 
8 by 10 inches. Negatives in United States Geological Survey 


1208. Fields of residual clay near Natural bridge, Virginia. Published in Bulletin 
52, United States Geological Survey (No. 39). 


Photographed by H. R. Geiger 
8 by 10 inches. Negatives in United States Geological Survey 


1209, Arched strata on Chesapeake and Ohio canal, probably near Hancock, West 
Virginia (No. 177). 

1210. Fold in brown sandstone on Chesapeake and Ohio canal, 2 miles above Han- 
cock, West Virginia (No. 175). 


Photographed by N. H. Darton 
63 by 83 inches. Negatives in United States Geological Survey 


211. Anticline in Lewistown limestone, South branch of Potomac river near 
Hopeville, West Virginia (No. 222). 

1212. Anticline and thrust fault in Tuscarora quartzite, Panther gap, Virginia ; 
looking south (No. 245). 

218. Anticline of Tuscarora quartzite, Panther gap ; looking south (No. 251). 


Photographed by J. F. Kemp, Columbia University, New York, New York 
5 by 7 inches 


2M. Arch of Upper Silurian quartzite forming the ‘“ Rainbow,” at Iron gate, near 
Clifton forge, Virginia. The arch is exposed in the valley of the James 
river. Another stratum of quartzite forms a parallel arch higher up, 
which does not appear, from lack of distance in taking the view. 

215. Overthrown fold of Upper Silurian quartzite in Eagle mountain, in the valley 
of the James river, Virginia. 

1216, One limb of fold of Upper Silurian quartzite forming Rathole mountain, just 
across the James river from number 1215. 


WASHINGTON 


Photographed by B. Willis 
64 by 84 inches. Negatives in United States Geological Survey 


217, Stehekin valley, about 2 miles east of Cascade pass, Cascade range, Wash- 
ington; showing the profile due to profound erosion followed by glacia- 
tion (No. 196). 

RIS. Cascade pass, Cascade range. Basin at the head of Stehekin east of the pass, 
showing the character of the glacial amphitheaters and the remnants of 
glaciers (No. 199). 

1219. Cascade pass, Cascade range. View from the summit of the pass, 5,300 feet, 
southward to the headwaters of Cascade river. The high peaks rise to 
about 8,800 feet (No. 200). 


See. Am., Von. 13, 1901 
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Cascade pass, Cascade range. Cliffs of hornblendic gneiss immediately south 
of the pass, about 3,000 feet in height, exhibiting vertical jointing (No. 201), 

Cascade pass, Cascade range. Glacier and basin at the head of Stehekin 
river (No. 202). 

Basin peak, Cascade range, north of Cascade pass. View of doubtful lake 
and slope of the mountain, showing joint systems, which are commonly 
mineralized (No. 2U4). 

Cascade pass, Cascade range. Typical glacier of the northern Cascade range, 
showing a névé and the incipient ice-stream, with crevasses (No. 207). 
Detail of number 1123, showing stratification of the ice and structure of the 
glacier. Taken from the same point as number 1123 with long-focus lens 

(No. 208). 

Cascade pass, Cascade range. View from an elevation of about 7,500 feet 
southeastward down the Stehekin valley. The mountain summits fall into 
a general plane, which was a lowland of late Pliocene time and is now 
elevated 8,000 feet above sea and profoundly dissected (No. 210). 

Cascade pass, Cascade range. A typical glacier of the high Cascades, show- 
ing the character of crevassing and terminal moraines (No. 212). 

Navarre coulee, lake Chelan, Washington. Torrent wash due to cloud- 
burst on granite slopes in arid climate (No. 167). 

Columbia valley, Washington, southeast of lake Chelan; looking northeast 
across the river to the terraces of Pleistocene age and the high platean of 
Miocene basalt (No. 163). 

Columbia river, east of lake Chelan. View down the valley from terrace to 
3 miles north of outlet of the lake. Terracing on the east bank of the 
river is due to the occupation of the valley by a lobe of the Okanagan 
glacier (No. 221). 


. Gravel terraces of stream origin in the delta of Chelan river, at its junction 


with the Columbia (No. 227). 


. Columbia river, east of lake Chelan, showing sand dunes resulting from 


floods and sediment of the Chelan river (No. 228). 


32. Chelan falls, Columbia river, looking south from near the outlet of lake 


Chelan. The valley and foreground were occupied by a lobe of the 
Okanagan glacier, which extended downstream to the even-topped terrace. 
The terrace is 600 feet above the Columbia, and represents a filling during 
the Glacial epoch which has subsequently been in large part removed 
(No. 281). 

Delta of Chelan river, at its junction with the Columbia (No. 223). 


. Lake Chelan ; looking down lake, showing Round mountain and hanging 


valley of Railroad creek (No. 216). 

Lake Chelan ; looking south across the eastern end of the lake to Lakeside 
and Chelan butte. A glacial terrace and post-glacial ravine are conspic- 
uous in the front of the butte (No. 218). 

Lake Chelan ; exhibiting the canyonlike gorge which the lake occupies 
(No. 182). 

Lake Chelan; view northward across eastern end of lake, showing terraces 
produced during glacial occupation of the lake basin in lakelets between 
the ice and the land (No. 183), 
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1238. East end of lake Chelan. Detailed view of drift dam, showing cross-strati- 
fied sandy clays covered by till, gravel, wash, and turf in ascending suc- 
cession. Between the till and the cross-stratified sands are pockets of 
coarse gravels and boulders, which probably correspond to stream chan- 
nels (No. 193). 

1239, Lake Chelan and outlet. General view of the drift dam and the site of 
Chelan (No. 194). 

140. Carbon River glacier, mount Rainier. View from the eastern lateral moraine 
of the Carbon River glacier, showing the sweep of the ice as it descends 
from beneath the great northern amphitheater of mount Rainier. In the 
foreground the slope of the lateral moraine toward the glacier shows how 
extensively it has lost in volume, and the ice is covered with morainal 
material (No. 16). 

i441. Flora east of Carbon River glacier, mount Rainier. August flora on the edge 
of the Carbon River glacier (No. 14). 

142. Ive cascades, head of Carbon river, mount Rainier. View in the great am- 
phitheater, the gathering point of the Carbon River glacier. On the left 
of the picture the cliffs rise 6,000 feet to the Liberty cap and the glacier 
flows out to the right (see number 1240) (No. 17). 

143, Jointed granite, Denny creek, Snoqualmie, Washington. Glacial amphithe- 
ater eroded in the granite. The streams of this portion of the Cascade 
range descend by a series of steps, each of which is attributed to the retro- 
gressive work of glacial action (see number 1245) (No. 55). 

24. Falls on upper Snoqualmie river. View of falls and canyon in metamor- 
phosed grits and slates of Miocene age near the summit of the Cascade 
range, Snoqualmie pass; elevation 3,000 feet (No. 53). 

145, Falls on Snoqualmie river. Franklin falls about 2 miles west of Snoqualmie 
pass (No, 52). 

1246. The Needles from Poodledog pass, Monte Cristo, Washington. The Needles 
(see number 1248) are composed of breccia from Twin Lake crater, off to 
the right. An important mineral vein is the cause of the ravine between 
them (No. 33). 

IM7. Pride of the Mountain range, Monte Cristo. This range lies east of Monte 
Cristo, separating that district from the Goat Lake district. A portion of 
the high peaks consists of diorite, and they are traversed by numerous 
metalliferous veins. Their elevation is 6,500 to 7,000 feet (No. 34). 

148, Panorama from Willmann pass (north half), Monte Cristo. The divide be- 
tween Silver creek, flowing south, and Sauk river, flowing north, at Will- 
mann pass is an aréte with an elevation of 4,800 feet. From its crest, 
looking northeast. Monte Cristo, the mining camp, lies in the canyon in 
front of the farther range. The Needles and Willmann peak, composed 
of breccia from Twin Lake crater, rise in the right of the picture (see con- 
tinuation in 1249) (No, 19). 

149. Panorama from Willmann pass (south half), Monte Cristo. The foreground 
shows the descent into the ‘‘’76’’ amphitheater leading to Monte Cristo. 
The high peak in the center is Glacier peak, on the right of which, in the 
basin 2,500 feet deep, lie Twin lakes. A small glacier extends northward 
from the peak (No. 18). 
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1250. Glacier peak, Monte Cristo. View from the same point as number 1249, 
taken with a narrow angle lens to show details of Glacier peak (No. 36), 

1251. Glacier peak from Goat peak, Monte Cristo. From ridge between the crater 
basin of Twin lakes on the right and the glacial amphitheater leading 
down to Monte Cristo on the left, looking east. The rocks in the fore- 
ground are granite. Glacier peak and near high ridge composed of vol- 
canic breccia. The contact between the two occurs along a vertical plane 
immediately at the foot of the first ascent from the foreground (see 1257), 
The flows from Twin Lake crater are distinctly bedded and dip eastward 
(see 1252) (No. 20). 

1252. Cliffs of porphyrite and breccia, Glacier peak, Washington. View from the 
same point as 1251; taken with a narrow angle lens to show details of 
bedded and vertical structure in flows from Twin Lake crater (No. 21). 

1253. Looking west from Goat peak, Monte Cristo. View of Silver lake and Sil- 
ver Tip mountain, } miles southwest of Monte Cristo, Washington. The 
rock of the vicinity is a massive volcanic. The lake occupies a_ basin, 
which is presumably a crater, but which may possibly belong to the class 
of hollows produced by retrogressive glacial erosion. Attention is called 
to the extremely abrupt peaks characteristic of this portion of the Cascade 
range (No. 31). 

1254. Silver lake, Monte Cristo (see 1252). Near view of Silver lake, showing the 
outlet and the surrounding cliffs of porphyrite (No. 24). 

1255. Looking down Twin lakes, Monte Cristo. General view of Twin lakes about 
three miles southeast of Monte Cristo. They occupy basins of craters, the 
largest being about half a mile in length. The rock surrounding them in 
the foreground, on the right of the picture, is granite, while much of the 
farther side of the lake and the foreground in the extreme left is volcanic 
breccia. Spherulitic rhyolite occurs at the eastend. The higher cliffs in 
the vicinity are largely made up of breccia with granite fragments. The 
foreground exhibits roches moutonnées (No. 26). 

1256. Upper Twin lake from the east end, Monte Cristo (see 1255). View from 
the east end of upper Twin lake. The cliff on the right is granite, while 
the talus in the foreground is composed of blocks of volcanic breccia. 
Immedaitely behind the camera, cliffs of breecia rise about 2,500 feet to 
the summit of Glacier peak (see 1251 and 1252) (No. 27). 

1257. Volcanic breccia of Twin Lake crater, Monte Cristo (see 251). ‘The camera 
stands on the aréte between Twin lakes and the “’76”’ amphitheater, 
looking into the latter. The breccia on the right was erupted from Twin 
lakes, and is in immediate contact with the granite, of which it contains 
fragments (No. 25). 

1258. Sauk mountain from near Sauk, Washington. It rises abruptly on the 
western bank of the Skagit river. It is an old volcanic vent, probably 
represented by a lake which now lies in a deep basin near the summit. 
The elevation is about 5,800 feet, and the volcanics are erupted through 
a mass of iron-bearing schist and limestone (No. 41). 

1259. Landslide crack, Sauk mountain. On the left of the view the descent is 
precipitous for 500 or 600 feet. The crack in the middle ground on the 
right is evidently due to an outward movement of the rock mass toward 
the cliff, but is now filled with debris to within a few feet of the top 


(No. 48). 
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. Limestone, Baker River canyon, Washington. View on Baker river half a 


mile above its junction with the Skagit. The river flows through a canyon 
which it enters from a broader valley carved in shales. The rock of the 
canyon is crystalline limestone (No. 43). 


. Salmon fishing and limestone, Baker River canyon, Washington (see 1260). 


View looking down Baker River canyon toward the Skagit (No. 44). 


32. Crater lake, mount Rainier; elevation 5,200 feet. View of a lake on the 


northwest slope of mount Rainier, having a diameter of about half a mile. 
It is probably a large crater. The rocks are glaciated and their rounded 
form is shown in the point extending from the group of trees on the right 
down to the lake (No. 3). 


33. North Puyallup glacier, mount Rainier, from Eagle cliff. General view from 


same point as number 1264, showing the Puyallup canyon, about 2,000 feet 
deep, and the Puyallup glacier in the distance (No. 7). 

North Puyallup glacier, mount Rainier, from Eagle cliff. General view of 
the northwestern slope, comprising the Puyallup glacier and the Liberty 
‘ap; elevation 14,000 feet. The head of the glacier in the hollow on the 
left is about four miles away, at an elevation of 10,000 feet. The terminus 
of the glacier, consisting of two fan-like tongues, is lost in the lower right- 
hand corner of the picture in the fog (No. 8). 

Liberty cap from near Spray falls, mount Rainier. Detailed view of the 
northwestern slope, showing the central portion of the Puyallup glacier 
and the precipitous slopes of the Liberty cap, which rises 3,500 to 4,000 
feet above it (No. 4). 

Evening on the northwestern slope of mount Rainier. View of the snow- 
fields, with a group of krummboltz in the foreground ; elevation about 
7,000 feet. The summit of mount Rainier is about four miles distant, and 
the intervening snow-fields are broken by crops of andesitic lavas and 
scoriie. The solid rock surfaces are extensively glaciated (no negative). 

Northwestern slope from 10,000 feet, mount Rainier. View of the head of 
the Puyallup glacier and the Liberty cap, showing details of crevasses and 
the distribution of snow in August, 1895 (No. 9). 


WYOMING 
Photographed by C. D. Watcott 
5 by 7 inches. Negatives in United States Geological Survey 


Big Horn mountains. View of eastward dipping Paleozoic rocks forming 
eastern summit and slope of the mountains south west of Sheridan (No 436). 

Big Horn mountains. View of cliffs on Bald Mountain road, east of Little 
Baldy (No. 451). 

Big Horn mountains. Eroded granite near Bald mountain, at eastern sum- 
mit, overlooking valley toward Dayton (No. 464). 


Photographed by N. H. Darton 


Sby 10 inches. Negatives in United States Geological Survey 


Devils tower from south (No. 740). 
Devils tower from a mile south ; shows base (No. 732). 
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1273. Devils tower; near view (No. 738). 

1274. Devils tower, west side; near view (No. 759). 

1275. Columnar structure of phonolite. Inyankara mountain, Crook county, 
Wyoming (No. 745). 

1276. Overturned tree, with roots lifting rock fragments. West side of Black hills, 
Weston county, Wyoming (No. 748). 

1277. Sundance mountain ; showing talus cones of trachyte, near Sundance, Wy- 
oming (No. 742). 

1278. Sink-hole in Minnekahta limestone east-northeast of Cambria, Wyoming 
(No. 593). 

1279. A typical tepee butte, Weston county, Wyoming, due to limestone lense 
filled with Lucina occidentalis, in Pierre shale (No. 587). 

1280. Concretions in Laramie sands, Weston county (No. 595). 

1281. Little Sundance dome east of Sundauce. Purple limestone and underlying 
beds uplifted by a laccolite (No. 585). 


*hotographed by C. Russell 
64 by 83 inches. Negative in United States Geological Survey 
1282. Jurassic rocks, Como (Aurora), Wyoming (No. 294). 


Photographed by N. H. Darton 
8 by Winches. Negative in United States Geological Survey 


1283. Minerva terrace, Mammoth Hot springs, Yellowstone park (No, 651). 
1284. Paint pots near Fountain hotel, Yellowstone park (No. 667). 


Photographed by Walcott 
6) by 8) inches. Negatives in United States Geological Survey 
Yellowstone Park views 


1285. Mouth of Fountain geyser shortly before eruption (No. 548). 

1286. Mouth of Fountain geyser shortly before eruption (No. 548«). 

1287. Siliceous deposits in the basin of the Great Fountain geyser (No. 549). 

1288. Terrace pools on lower slopes of Angel terrace (No. 550). 

1280. Caleareous points covering bottom of pool, Angel terrace, Mammoth hot 
springs (No. 552). 

1200. Calcareous deposits in pool, summit of Angel terrace, Mammoth hot springs 
(No. 453). 

1290a. Caleareous (mushroom-like) concretionary deposits, Angel turrace, Mam- 
moth hot springs (No, 554). 

1291. Caleareous (mushroom-like) concretionary deposits, Angel terrace, Mam- 
moth hot springs (No. 554a). 

1202. Caleareous alge in outlet of pools, summit of Angel terrace, Mammoth hot 
springs (No. 555). 

1293. Angel terrace near Mammoth Hot Springs hotel (No. 515«). 

1204. View showing method of deposition of the siliceous deposits on slope of hot 
springs, summit of Angel terrace (No. 516). 
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1295. View showing method of deposition of the siliceous deposits on slope of hot 
springs, summit of Angel terrace (No. 516c). 

1296. ‘‘Ox-bow”’ bend, Trout creek, Hayden valley, Yellowstone park (No. 556). 

1297. North end of Teton range, northwest of Jackson lake, Wyoming (No. 557). 

1298. View of the Teton range from the east shore of Jackson lake, Wyoming 
(No. 558a). 

y- 12%. Waterfall over Cambrian limestone, Sheep creek, toward summit of Teton 

: range, southwest of Jackson lake, Wyoming (No. 541). 


Photographed by J. P. Iddings 
se 63 by 8} inches. Negatives in United States Geological Survey 
Yellowstone Park views 


a 1300. Obsidian columns, Obsidian cliff. Described in the Seventh Annual Report 
of the United States Geological Survey, 1888, pages 249-295 (No. 65). 
1301. The same, showing lithoidal portion (No. 69). ; 
1302. Erratic boulders, Pleasant valley (No. 152). 7 
1303. Glacial boulder, brink of Yellowstone canyon (No, 33). 
1304. Hoodoo temple, Hoodoo basin (No. 356). 
1305. Hoodoos, Hoodoo basin (No. 354). 
1306. Lithophysze, half a mile above falls on lower Fire Hole river (No. 77). 
1307. Lithophysze, half a mile above falls on lower Fire Hole river (No. 78). ty 
1308. Keplers cascade, Fire Hole river, Upper Geyser basin (No. 11). 
1309. Spring in Gallatin canyon, Gallatin range (No. 151). 
1310. Emerald Creek falls; basalt cliffs (No. 340). 
1311. Tower falis (No. 141). 
1312. Rustic falls, Glen lake (No. 83). 
1313. Keplers cascade, Fire Hole river, Upper Geyser basin (No. 14). 
"1314. Natural bridge of rhyolite, Bridge creek (No. 81). 
1315. Small geyser in eruption, in Upper Geyser basin (No. 188). 
1316. Rustic geyser in eruption, Middle Geyser basin (No. 174). 
317. Runway of Indigo spring (No. 101). 4 
1318. Algee basins (showing formation of siliceous sinter), Emerald spring, Upper 
Geyser basin (No. 180). 
1319. Spike geyser, Witch creek (No. 177). ' 
ot 1320. Siliceous sinter from Coral spring (No. 363). Beit 
21. Bannock peak, Gallatin range (No. 250). 
322. Yellowstone canyon, opposite Tower falls (No. 144). 
1323. Basalt cliff near Tower falls (No. 163). 
1324. Petrified tree trunk, Fossil forest (No. 327). 
1325. Fossil tree trunks, Fossil forest (No. 325). 
1326, Petrified tree trunk. Lamar valley in distance (No. 329). ‘ 


Photographed by J. K. Hillers 
ll by 14 inches. Negatives in United States Geological Survey 


ot Yellowstone Park views F 


1327. Fire Hole falls (No. 214). “9 
828. Canyon of Yellowstone from the brink of lower falls (No. 213), 
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1337. 


1339. 
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1341. 
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1347. 


1349, 


1350. 
1351. 
1352. 
1353. 
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1355. 
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1357. 
1358. 
1359. 
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Lower falls of Yellowstone (No. 204). 

The Paint Pots (No. 177). ° 

Beehive (No. 191). 

Lone Star geyser in eruption (No. 182). 

Excelsior geyser (No. 175). 

Fountain basin. 

Minerva terrace, Mammoth hot springs (No. 172). 

The Castle geyser in action. Its well on left; Old Faithful on right beyond 
(No. 195). 

Upper Geyser basin (No. 180). 


Photographed by W. H. Jackson 
11 by 14 inches. Negatives in United States Geological Survey 


Yellowstone Park views 


. Upper Geyser basin. Crater of Old Faithful in the foreground at the right. 


In the distance the Castle and Grand geysers are in eruption. The for- 
mation is siliceous sinter (No. 932). 

Crater of the Castle geyser, Upper Geyser basin. Siliceous sinter (No. 933). 

Crater of the Grotto geyser. Siliceous sinter (No. 928). 

Old Faithful in eruption. Upper Geyser basin (No. 930). 

Mammoth hot springs (No. 944). 

Mammoth hot springs (No. 943). 

Upper falls and Upper canyon of the Yellowstone (No. 958). 

Grand canyon of the Yellowstone (No. 952). 

Lower falls of the Yellowstone, 308 feet high (No. 957). 

Upper falls of the Yellowstone, 112 feet high (No. 954). 


Photographed by W. H. Jackson, Detroit, Michigan 


19 by 44 inches 


s. Yeliowstone canyon and falls. Mounted, $12; not mounted, $10 (No. 1098p). 


17 by 38 inches 


Mammoth hot springs; Cleopatra and Jupiter terraces. Mounted, $7.50; 
not mounted, $6 (No. 1661p). 


21 by 16 inches 


Yellowstone canyon. Price, $2.50 mounted ; $2 unmounted (No. 1095). 
Pulpit terraces, Mammoth het springs (No. 1657). 

Old Faithful, a geyser in action (No. 1105). 

The ‘‘Castle’’ geyser and Crested spring, Yellowstone (No. 1106). 
Index peak, Wyoming (No. 1656). 

Fremonts peak and lake, Wind River mountains, Wyoming (No. 1669). 
Teton range; from the east (No. 1667). 

Teton range; from Jacksons lake (No. 1666). 

Cloud peak, Big Horn mountains, Wyoming (No. 1653). 

Matto tepee, or Devils tower, Wyoming (No. 1651). 
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MISCELLANEOUS PHOTOGRAPHS 


Experiments of Bailey Willis in 1890 in Folding Loaded Strata by Horizontal Thrust 


The following photographs are selected from a series representing models of 
folded strata. Negatives in United States Geological Survey. Mostly 18 by 24 
inches. Price, 75 cents each, unmounted ; $1 mounted on card or muslin. They 
should be ordered by model letter: 

The folds are the results of horizontal pressure applied to the ends of flat strata 
which were confined on four sides and at the bottom, and could rise only by lift- 
ing a load of bird shot. 

The materials composing the models were mixtures of plaster of Paris and 
leeswax and Venice turpentine in varied proportions, which resulted in strata 
of varied plasticity. 

Each pile of strata was compressed from two to five times and photographed at 
each stage of compression. The photographs therefore represent successive stages 
in the development of folds and faults. 


1360. Model (no letter). Initial form not shown, all the strata having been laid 
flat. Illustrates the development of original and consequent folds in rela- 
tively hard strata on a soft base. 

1361. Models A and C. Illustrate the development of anticlines at points of initial 
dip. The bedded materials are the same in F and C, in both being rela- 
tively hard and rigid. This is shown in the acute broken folds. The 
base is soft. Compare E and G. 

1362. Model E. Illustrates development of a primary anticline at a point of initial 
dip near the applied force, together with the growth of a consequent fold. 
The bedded materials are softer than in model F. Compare G. 

1363. Model F 1. Illustrates the development of 3 anticlines, two of which devel- 
oped at points of initial dip remote from the applied force. The third 
grew near the applied force iu consequence of swelling of the soft base. 
The materials are the same as in model KE. Compare G1. 

1364. Model G. Illustrates the growth of folds from an initial form like Model FE, 
but in softer materials. 

1365. Model G1. Tllustrates the growth of folds from an initial form like E 1, but 
in softer materials. 

1366. Model H. Illustrates the development of anticlines from a form like G 1, 
but with a softer base beneath the bedded materials. 

1367. Model K. Illustrates the effects of compressing conformable strata accumu- 
lated in a deep syncline of deposition, there being a controlling compe- 
tent stratum and thin-bedded strata of softer and harder substances which 
developed minor folds and thrusts. 

1368. Model L. Lis the complement of K, being similar in form and materials, 
but having been shortened from the opposite end. The applied energy 
was used up in developing the folds, and did not affect the distant initial 
dips. 

1369-1371. Model M. Illustrates the development of diverse structures in two com- 
petent series, one at the base and one at the top, and in the intermediate 
soft incompetent material. 
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1372, 1373. Model M. Two stages, full size of model for class use. 

1374-1376. Model J. Three stages, full size of model, illustrating development of 
an overthrust fault in soft strata beneath a harder series, and also accom- 
modation of constant volume to change of form by shearing in two sys- 
tems and displacement of triangular prisms. 

1377. Model J 1. Two views of one stage, large scale, illustrating major folds 
longitudinally related to thrusts. 


Photographed for G. P. Merrill, United States National Museum 
8 by 10 inches 


1378. Hypothetical map of the North American continent during the period of 
maximum glaciation, in early Pleistocene time. 
1379. Hypothetical map of the North American continent at the close of Neocene 


time. 
1380. Hypothetical map of the North American continent in Middle Cretaceous 
time. 


1381. Hypothetical map of the North American continent at the close of Carbonif- 
erous time. 

1382. Hypothetical map of the North American continent in early Carboniferous 
time. 

1383. Hypothetical map of the North American continent in early Devonian time. 

1384. Hypothetical map of the North American continent in earliest Silurian time. 

1385. Hypothetical map of the North American continent in early Lower Cambrian 


time. 
1386. Hypothetical map of the North American continent during late Algonkian 
time. 


Photographed by J. 8. Diller 
64 by 83 inches. Negatives in United States Geological Survey 


1387. Hon. C. D. Walcott, Director United States Geological Survey ; Major J. W. 
Powell, Director United States Bureau of Ethnology ; Sir Archibald Geikie, 
Director of Geological Survey of Great Britain (No. 359 G). 

1388. Geikie excursion party, Jefferson rock, Harpers ferry, West Virginia, May, 
1897 (No. 358 G). 

1389. Geikie excursion party, Jefferson rock, Harpers ferry, West Virginia, May, 
1897 (no negative). 

1390. Geikie excursion party, Jefferson rock, Harpers ferry, West Virginia, May, 
1897 (No. 360 G). 


Photographed by the late Dr G. H. Williams, of Johns Hopkins University, Baltimore, 
Maryland 


4} by 6) inches 
Photographs of laboratory specimens 


1391. Anticlinal fold; Animikee slate, Pigeon point, lake Superior. 
1392. Folded hala-flinta; Naerodal, Norway. 
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1393. Gneiss; Stony Point-on-the Hudson, New York. 

1394. Slate, showing bedding, cleavage and rigid calcareous layer, Bangor, Penn- 
sylvania. 

1395. Quartz-schist, with stretched tourmaline, Shoemaker’s quarry, Baltimore, 
Maryland. 


Photographed by G. P. Merrill, National Museum, Washington, D. C. 
8 by 10 inches 


1396. Slate, showing cleavage and faulting, Bangor, Pennsylvania. 
1397. Gneiss, Lawrence and West Andover, Massachusetts. 


Photographed by S. Calvin, Des Moines, Iowa 
8 by 10 inches 


1398. A crowded field of foraminifera with medium-sized Tvatu/aria, and many 
specimens of Anomalina magnified 55 diameters; from Saint Helena, 
Nebraska. 


Photographed for’'G. P. Merrill, United States National Museum, Washington, D. C. 
8 by 10 inches 


1399, 1400. Two photographs of faulted sandstone in National Museum. Samples 
collected by N. H. Darton. 


6} by 83 inches 


H01. Polished slab of orbicular granite in the collection of the United States Na- 
tional Museum. From Slattemdsse, Smaliind, Sweden. Dimensions, 22 
by 30 inches. 


Photographed by J. K, Hillers 
8S by 10 inches. Negatives in United States Geological Survey 


1402. Striated limestone boulder from loess, one-half natural size, Norway, Lowa. 
Published in Eleventh Annual Report United States Geological Survey, 
plate xlvi (No. 365). 


Photographed by G. P. Merrill, United States National Museum, Washington, D. C. 
103. Pyroxenite nodules, partially altered into serpentine, Montville, New Jersey. 
Photographed by BE. B. Harden for Geological Survey of Pennsylvania 
dby Sinches. Negatives deposited in United States Geological Survey, Wash- 
ington, D. C., with Harden’s numbers 


1404. Pseudopecopleris macileuta (L. and H.) Lx. Upper Pottsville series, Washing- 
ton county, Arkansas. Lepidocystis (Polysporia) salisburyi Lx. Pottsville 
series, Days gap, Alabama (No. 1559). 

Sphenopteris (Hymenophyllites) pendwlata Lx. MSS. (Fertile.) Lepidophy!- 
lum alabamense D. W. MSS. Pottsville series, Cordova, Alabama (No. 1560). 
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1406. 


1407. 


1408. 


1409. 


1410, 


1411. 


1412. 


1415. 


1414. 


1415. 


1416. 


1417. 


1418, 


$25. 


128. 


20 
OS2, 


688, 
695. 
1066, 
1068. 


1069. 


1070. 


Pseudopecopteris obtusiloba (Stb.) Lx., var. dilatata Lx. MSS. Kanawha series, 
West Virginia (No. 1561). 

Pseudopecopteris obtusiloba (Stb.) Lx. Kanawha series, West Virginia (No, 
1562). 

Dictyopteris sub-brougniartii Gr. Ey. Coat Measures (Westphalien), France 
(No. 1563). 

Spirophyton. A probable Pseudophyte. Lower Carboniferous, near War- 
ren, Pennsylvania (No. 1564). 

Asterophyllites gracilis Lx. Fruiting spikes. Pottsville series, Dade county, 
Georgia (1565). 

Arthrophycus harlani (Conr.) Hall. Medina sandstone. Locality unknown 
(No. 1566). 

Arthrophycus harlani (Conr.) Hall. Probably from Medina sandstone. —Lo- 
cality unknown (No. 1567.) 

Callipteridium tracyanum Lx. Upper Pottsville (Walden SS), Tracy City, 
Tennessee (No. 1568). 

Neuropteris clarksoni Lx. High anthracite coal (‘G’’), Olyphant, Permsyl- 
vania. Photograph reduced (No. 1569). 

Pseundophyte. Casts of trails of molluscs. Formation and locality unknown 
(No. 1570). 

Kurypterus mansfieldi, Hall. Figured in Second Geological Survey of Penn- 
sylvania, page 3, plate 5, figure 3. Specimen from just below Darlington 
cannel coal, near Cannelton, Darlington county, Pennsylvania (No. 1571). 

Natural casts of Atrypa, Spinosa, Spirifer, Rhynchonella, Pelicypods, and 
Tentaculites. Horizon, Hamilton. A splendid illustration of associated 
Hamilton species (No. 1572). 

Natural sections of spire-bearing Brachiopods; also a few Tentaculites pre- 
served. Horizon probably Lower Helderberg (No. 1573). 


SUBJECT CATALOG 
Axt Hin. 
Ant hill at Pueblo, Colorado. 
Bap Lanps 


Limestone ridge and gully, weathering, Bettles river, Alaska. 

683. Scotts Bluff, Nebraska. 

Northeast of Chadron, Nebraska. 

692, 693. Toadstool park, near Adelia, Sioux county, Nebraska. 

Titanotherium sands east of Adelia, Nebraska. 

1067. Titanotherium beds, Corral draw, edge of Big Bad lands of South 
Dakota . 

Big Bad lands, Protoceras sandstones ou Oreodon clays, head of Indian draw, 
South Dakota. 

Big Bad lands, Protoceras sandstone area, head of Cottonwood draw, South 
Dakota. 

Big Bad lands, Indian draw, South Dakota. 
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1071. Big Bad lands, spur of Sheep mountain, South Dakota. 

1072, 1073. Big Bad lands, south end of Sheep mountain and Devils tower, South 
Dakota. 

1090. Big Bad lands, columns capped by sandstone, Cedar draw, South Dakota. 

1091. Big Bad lands, erosion forms in Titanotherium sands, Cedar draw, South 
Dakota. 

1092. Big Bad lands, columns of sandy clay capped by sandstone, Cedar draw, 
South Dakota. 

1093. Big Bad lands, Oreodon beds between Battle draw and Cedar draw, South 
Dakota. 

1094. Big Bad lands, Titanotherium beds and Oreodon beds, Battle draw, South 
Dakota. 

1075-1081. Protoceras sandstone area, Big Bad lands, South Dakota. 

1082-1087, 1089. Big Bad lands of South Dakota near Flour trail. 

1088. Big Bad lands at Corral draw, South Dakota. 

1166. Irwin Bass place, south of Mosley junction, Virginia. 

1304, 1305. Hoodoo basir, Yellowstone park, Wyoming. 


Beacu Deposits 
(See also Shore Cliffs) 


316. Swampy island, old beach, lake Winnipeg, Manitoba. 

320. Ice-pressed boulder pavement, Red Deer lake, Saskatchewan, Northwest 
Territory. 

325. Magdalen river and bay, lower Saint Lawrence, Canada. 

350. Imbricating beach pebbles, bay of Fundy, New Brunswick 

353, 354. Mud flats, bay of Fundy. 

635. Beach of limestone pebbles, Mackinaw island, Michigan. 

636. Gravel spit, Mackinaw island, Michigan. 

637. Spit, Bois Blanc island, Michigan. 

638. Spit of shingle, Au Train island, lake Superior. 

639. Curved sand spit, straits of Mackinaw. 

783. Shore of lake Ontario at Wilson, New York. 

40. A recurved spit, Grand Traverse bay, lake Michigan, Michigan. 

641. Bar at Sleeping Bear bluff, east shore of lake Michigan. 

737, 788. Griffin bay, shore of lake Ontario, New York. 

739. West shore, Cayuga lake, at East Varick, New York. 

742-744. Iroquois beach, New York. 

47. Shore of lake Ontario, Niagara county, New York. 

748. Beach of flat shingle, lake Ontario, New York. 

749. Beach of well-rounded shingle, lake Ontario, New York. 

750. Cemented shingle, Lewiston, New York. 

751, 752. Section of spit of glacial lake, Lewiston, New York. 


CANYONS 


116. Foot of Woods canyon on Copper river, Alaska. 
131, Canyons in young rock series, one mile below Tramway bar, Alaska. 
150. Grand canyon of the Colorado, Arizona. 
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151. Grand canyon of the Colorado at the foot of the Toroweap in Arizona. 

152. Shinimo altar from the brink of Marble canyon of the Colorado river, 
Arizona. 

153. Canyon de Chelly, Arizona. 

154. Walnut canyon, Arizona. 

158, 172. Yosemite Falls cliff, California. 

159. The Sentinel, Yosemite valley, California. 

160, 161, 169. El Capitan, Yosemite valley, California. 

162. Washington column, Yosemite valley, California. 

163, 167. Home of the Storm Gods, Yosemite valley, California. 

164. Three Graces, Yosemite valley, California. 

165, 166. Royal Arches, Yosemite valley, California. 

168. Yosemite valley, California. 

170. Cathedral spires, Yosemite valley, California. 

171. Shingle, Yosemite, California. 

173. Three Brothers, Yosemite valley, California. 

182. Cliffs above Mirror lake, Yosemite valley, California. 

193-198. Kings river, California. 

222. Lake canyon near Mono lake, California. 

308. Fraser river, Fountain, British Columbia. 

311. Gorge of Elk river, British Columbia. 

341. Canyon below the Grand falls of Labrador. 

441. Acowitz canyon, Colorado. 

613. The gorge of the lower Susquehanna. 

615. The Potomae near Harpers ferry. 

616. Junction of the Shenandoah and Potomac. 

617. The Shenandoah near Harpers ferry. 

800. Entield gorge, near Ithaca, New York. 

$31. Gorge at Trenton falls, New York; lower portion, 

869, 870, 872, 889. Ausable chasm, New York. 

884, 895. West Point, New York; looking northward from plain. 

874. Lower Ausable lake, Adirondacks, New York. 

804. Avalanche lake, Adirondacks. 

897. Hudson river; looking north from fort Putnam. 

920-925. The French Broad river, North Carolina. 

988. Water-sheet narrows, Pennsylvania. Juniata river. 

999, Delaware water gap. 

1123. Canyon in Sioux quartzite, Dell rapids, South Dakota. 

1125. Palisades on Split Rock creek, South Dakota. 

1128, 1129. Doe River gorge, Tennessee. 

1217. Stehekin valley, east of Cascade pass, Cascade range, Washington. 

1236. Canyon-like gorge occupied by lake Chelan, Washington. 

1244. Canyon in metamorphosed grits and slates of Miocene age, Upper Snoqual- 
mie river, Washington. 

1260, 1261. Baker River canyon, Washington. 

1313. Keplers cascade, Fire Hole river, Yellowstone park, Wyoming. 

i322. Yellowstone canyon opposite Tower falls, Wyoming. 

. Fire Hole falls, Yellowstone park, Wyoming. 

1328. Canyon of Yellowstone from the brink of lower falls, Yellowstone park, 
Wyoming, 
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1344. Upper falls and canyon of the Yellowstone, Yellowstone park. 
1345, 1350. Grand canyon of the Yellowstone. 

1348. Yellowstone canyon and falls. 

1350. Yellowstone canyon. 


CasTELLATED Erosion Forms 


152. Shinimo altar, Grand canyon of the Colorado. 

153. Canyon de Chelly, Arizona. 

155. Navajo church near Fort Wingate, New Mexico. 

159. The Sentinel, Yosemite valley, California. 

217. Towers of calcareous tufa formed by sublacustral springs, shore of Mono 
lake, California. 

406, 407. Triassic sandstone, Garden of the Gods, Colorado. 

408. Cathedral spires, Garden of the Gods, Colorado. 

445-449. Effects of rain erosion on horizontally bedded andesite conglomerate, 
headwaters of Rio Grande river, Colorado. 

677, 678. Eroded, cross-bedded Cretaceous sandstone, north of north fork of Sun 
river, Teton county, Montana. 

681. Scotts bluff, Nebraska. 

697. Jail and court-house, Cheyenne county, Nebraska. 

698. The jail, looking east, Cheyenne county, Nebraska. 

699. “ Chimney rock,” Cheyenne county, Nebraska. 

701, 702. ‘‘ Smokestack,” Banner county, Nebraska. 

703. ‘‘ Twin Sisters,’’ Banner county, Nebraska. 

1068. Protoceras sandstones on Oreodon clays, head of Indian draw, Big Bad lands, 
South Dakota. 

1069. Protoceras sandstone area, head of Cottonwood draw, Big Bad lands, South 
Dakota. 

1071. Spur of south end of Sheep mountain, Big Bad lands, South Dakota. 

1072, 1073. South end of Sheep mountain and Devils tower, Big Bad lands, South 
Dakota. 

1074. Protoceras sandstone on Oreodon beds near Wounded Knee creek, South 
Dakota. 

1090, 1092. Columns capped by sandstone, White River formation, east side of 
Cedar daw, Big Bad lands, South Dakota. 

1097, 1098, 1107, 1108. Granite needles near Harney peak, Black hills, South 
Dakota. 

1075-1081. Protoceras sandstone area, Big Bad lands, South Dakota. 

1086. Sandstone lenses near Flour trail, Big Bad lands, South Dakota. 

1087. Columns of clay capped by sandstone near Flour trail, Big Bad lands, 

South Dakota. 

. South fork of Corral draw, Big Bad lands, South Dakota. 

1122. Needle point, Elk canyon, Black hills, South Dakota. 

146. The Needles from Poodledog pass, Monte Cristo, Washington. 

1270. Eroded granite near Bald mountain, Big Horn mountains, Wyoming. 

1271-1274. Devils tower, Wyoming. 

1304, 1305. Hoodoo basin, Yellowstone park, Wyoming. 
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Cave 


565-571, 573-582. Mammoth cave, Kentucky. 
572, 584, 585. Wyandotte cave, Kentucky. 
586, 587. Marengo cave, Kentucky. 

882, 883. Howes cave, New York. 

1196-1207. Caverns of Luray, Virginia. 


CuHERT AND FLINT’ 


271. Chert in limestone west of Big Pine, Inyo county, California. 
346. Chert in sillery below Quebec, Canada. 

554. Niagara limestone, Lyons, Iowa. 

1137. Koontz series, Texas. 

1146. Flint nodules in chalk, south bank of Colorado, Texas. 


CoLUMNAR SrrRucrure 


280. Laminated and roughly columnar fine-grained pyroxene-andesite, Franklin 
Hill, California. 
300. Glaciated andesite, Alpine county, California. 
393. Granite in canyon of Animas river, opposite Ten-mile creek, Colorado. 
461. Hawaii. 
721. Basaltic columns and bedded trap in gorge of Passaic river at Paterson, New 
Jersey. 
724. Falls of the Passaic, Paterson, New Jersey. 
725. Palisades of the Hudson, north from Englewood cliffs. 
726-731. Columnar basalt, O’Rourke’s quarry, near Orange, New Jersey. 
732. Basalt, showing columns of cooling, near Orange, New Jersey. 
1271-1274, 1359. Devils tower, Wyoming. 
1275. Columnar structure of phonolite, Inyankara, Wyoming. 
1300, 1301. Obsidian columns, Obsidian cliff, Yellowstone park, Wyoming. 
1323. Basalt cliff near Tower falls, Yellowstone park, Wyoming. 


CoNGLOMERATES (NEAR VIEWS ONLY) 


191. Igneous pudding stone north of Yosemite valley, California. 
349. Conglomerate in Sillery beds below Quebec, Canada. 

445. Andesite conglomerate, head of Rio Grande, Colorado. 

657. Laramie conglomerate, Montana. 

680. Arikaree beds southeast of Gering, Nebraska. 

813, 814. Boulders in Algonkian, Washington county, New York. 
826, 827. Potsdam conglomerate, Saratoga county, New York. 
1148. Carboniferous and Permian, Hurricane cliff, Utah. 
1157. Calciferous conglomerate near High Gate falls, Vermont. 


JONCRETIONS 


599. In Matawan formation, Magothy river, Maryland. 
601. Ferruginous concretions in Potomac formation, Baltimore, Maryland. 
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Concentric weathering in shale, Beaver, Pennsylvania. . 
Cone-in-cone concretion in Pierre shales near Hot springs, South Dakota. 
Concretions in Laramie sandstone, Weston county, Wyoming. 


Conracts or Igneous Rocks (NEAR VIEWS ONLY) 


Trap sheet on underlying shales, Hartford, Connecticut. 

Basic granite and acid granite, Butte, Montana. 

Base of first Watchung trap sheet in gorge of Passaic river at Paterson, New 
Jersey. 

Lateral ascent of base of palisade trap across shale at Kings point, Weehaw- 
ken, New Jersey. 


. Cross-section exposure of base of palisade trap sheet with Newark shales, 


Weehawken, New Jersey. 
Creer 
1010. On roofing slate, Bangor, Pennsylvania. 


CROSS-BEDDING 


Bedding and cross-bedding in Walnut canyon, Arizona. 


. Navajo church near fort Wingate, New Mexico. 
. Coal Measures sandstone, Redrock, Marion county, lowa. 
. Leclaire limestone, obliquely bedded below, horizontally bedded above. 


Sugar Creek lime quarries, Cedar county, Lowa. 


. Oblique bedding in Leclaire limestone, half a mile south of Leclaire, lowa. 
- In sandstone, Saint Louis, Bellefontaine, Makaska county, Iowa. 


678. Cretaceous sandstone, Teton county, Montana. 


. Conglomerate sandstone lens in Brule clay, 6 miles south from Gering, Ne- 


braska. 


96. Dakota sandstone, Bennett, Nebraska. 
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. Cross-bedding in sand kame, Lockport, New York. 

. In Medina sandstone, in quarry near Lewiston, New York. 

3. Oligocene cross-bedded gravel, south of Fairburn, South Dakota. 
. In Sioux quartzite, Sioux Falls, South Dakota. 


Crystats IN Rocks 


, 252. Quartz in lava near Snag lake, California. 
7. Porphyritic granite near Granite lake, Tuolumne county, California. 
7. Gneiss, Lawrence and West Andover, Massachusetts. 


DeLTas 


. Delta in Gastineau channel, at Juneau, Alaska. 


.Yahtse river from above ice-tunnel, Alaska. 

Alluvial fan of the Yahtse, Alaska; 6 by 8 inches. 

Delta of subglacial stream, Muir glacier, Alaska. 

Mouth and delta of Chettyna river, mount Blackburn, Alaska. 

Delta of Chelan river at its junction with the Columbia, Washington. 


LXV—Butt. Grou. Soc. Am., Vou. 13, 1901 
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Dikes, IGNEous 


285. Granite at Granite lake, Tuclumne county, California. 
287. Basalt dikes, Polka flat, Sierra county, California. 
591. Trap dikes at Bald cliff, Maine. 

819-820. Fault and dyke, East Canada creek, New York. 
893. Trap dike, Avalanche lake, New York. 

913. Decomposed trap, Wadesborough, North Carolina. 
959. Trap at Cornwall, Pennsylvania. 

1120. Bear butte, Black hills, South Dakota. 

1152. Trap in Cambrian quartzite, Burlington, Vermont. 


Dikes, SANDSTONE 


209, 215, 216. Penetrating Cretaceous shales, Dry creek, Tehama county, California. 
210. On Roaring river above Drews, California. 

211. On Crow creek, Shasta county, California. 

212. Cutting Cretaceous shales on Roaring river, Shasta county, California. 

213, 214. Group on north fork of Cottonwood creek, near Gaspoint, Shasta county, 

California. 

279. Limestone with intruded quartzite, Waucobi canyon, Inyo county, California, 
1101. In Benton shales, southeast of Maitland, South Dakota. 


DismaL Swamp 


1172-1187. Dismal swamp, Virginia. 
EARTHQUAKE PHENOMENA 
1045-1065. At Charleston, South Carolina. 
EXPERIMENTS IN FOLDING LOADED STRATA IN HORIZONTAL THRUST 


1360-1378. Experiments of Bailey Willisin 1890. Photographs representing excess- 
ive stages in the development of folds and faults. 


Fau.ts 


92. Graywacke, shale and sandstone, Gens de Large aise Alaska. 

156. East side of Rio Verde, Arizona. 

272, 273. Thrust beds of Cambrian limestone and einutittie sandstone, Waucobi 
canyon, Inyo range, California. 

274. Thrust plane in south wall of Devils gate, Inyo range, California. 

293. Fault scarp, Plumas county, California. 

348. Fault between Archean gneiss and Trenton limestone and Utica shales, south 
of Montmorency falls, Canada. 

423. A cliff due to a fault, Las Animas county, Colorado. ‘ 

514-516, 518. Faulted sandstone and shale, near Houston, Indian Territory. 

594. Earlier Columbia gravels and loams on crystalline rocks, east of Rock Creek 
bridge, Washington, District of Columbia. 

690. Gering formation in railroad cut south of Crawford, Nebraska. 
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716. Rhyolite-tuff in the foothills of the Silver Peak range, Nevada. 

$19, 820. East bank of East Canada creek, Herkimer county, New York. 

841. Overturn and fault of Sprayt creek near South Bethlehem, New York. 

912. In sandstone and shale of the Newark system, Bogan cut, near Wadesbor- 
ough, North Carolina. 


‘1110. In Middle Jurassic sandstone near Butfalo gap, Black hills, South Dakota. 


1105. Jura on Trias, south of Hot springs, South Dakota. 

1142. In limestone in Bee Spring series, Texas. 

1143. In limestone in Barton Creek series, Texas. 

1153. Overthrow of Cambrian sandstone on Utica slate, Lone Rock point, near 
Burlington, Vermont. 

1160. In rocks of lower Cambrian and lower Ordovician age near Highgate springs, 
Vermont. 

1161, 1164. North side of river below Highgate falls, Vermont. 

1212. Anticline and thrust fault in Tuscarora quartzite, Panther gap, Virginia. 

1394. Slate from Bangor, Pennsylvania. 

1399, 1400. Samples of faulted sandstone from Black hills. 


FissuRES (NOT IN LAVA) 


301. Fissures in granite, Charity valley, Alpine county, California. 
1259. Landslide crack, Sauk mountain, Washington. 


FLEXURES (INCLUDING CREEP) 


235. Contorted lake beds near southern margin of Mono lake, California. 

253. Overturned fold in Cambrian quartzites, north side of Silver canyon, White 
Mountain range, Inyo county, California. 

258. Syncline in Cambrian, Inyo county, California. 

271. Pliecated layers of thin bedded chert in limestone etched by erosion, hill near 
Big Pine, Inyo county, California. 

279. Folded limestone and intruded quartzitic sandstones near Devils gate, Wau- 
cobi canyon, Inyo range, California. 

313. Folded Cretaceous rocks, headwaters of Cascade river, Alberta, British Co- 

lumbia. 

1. Pre-Cambrian distorted schists, Shipton, Canada. 

332-336. Twisted gneiss, southern shore of Ottawa river, opposite Montebello and 
-apineauville, Canada. 

344. Anticline in Lévis terrane, above Lévis railway station, province of Quebec, 
Canada. 

345. Plication of shales and sandstones of Sillery terrace, below Quebec, Canada. 

306, 507. Limestone in Chicago drainage canal, Illinois. 

418. North end of Ozark uplift, Indian territory. 

514-519. Flexed and faulted beds near Houston, Indian territory. 

768. Post-Glacial anticline, Hopkins creek, Niagara county, New York. 

789. Fractured post-Glacial anticline near Syracuse, New York. 

797. Section of anticlinal ridge near Dunkirk, New York. 

$42. Anticline in Esopus shales, Catskill creek, near Leeds, New York. 

9-851. Arch in Salina and Clinton beds at High Falls, New York. 

%7. Old quarry number 2 at Slatington, Pennsylvania, 


a? 


ty 
=f 
& 
y 
j 


‘ 
‘ 
| 
| 


1031, 
1038. 
1042. 
1044. 


1130. 
1151. 


1133. 
1162. 
1163. 
1193, 
1195. 
1209, 


1211. 


1391. 
1302. 
1393. 
1594. 


1395. 


1306, 


328. 


597. 


685. 


N. H. DARTON—CATALOG OF PHOTOGRAPHS 


. Contorted gneiss, Schuylkill river near Lafayette station, Pennsylvania. 


1004. Cut on Schuylkill Valley railroad, showing ‘ creep,” Pennsylvania. 


. Syncline in mammoth beds, Hollywood colliery, Hazelton, Pennsylvania, 


1002. Contorted gneiss, Spring Mill, Montgomery county, Pennsylvania. 


3. Anticline on Schuylkill river near Port Clinton, Pennsylvania. 
. Contorted gneiss of Wissahickon creek, Pennsylvania. 

2. Stripping at Hollywood colliery, Hazelton, Pennsylvania. 

. Fold in slate quarry, Bangor, Pennsylvania. 


1032. Shales broken down by superincumbent weight or creeping near Co- 
lumbia, Lancaster county, Pennsylvania. 

Synclinal fold in Cambrian limestone, York, Pennsylvania. 

Cambrian limestone, Earnest station, near Morriston, Pennsylvania. 

Potsdam quartzite, Smith’s quarry, Edge Hill, Montgomery county, Penn- 
sylvania. 

Folds in Cambrian near Hampton, Tennessee. 

Compressed anticlinal fault plane in Nashville sandstone, Little River gap, 
Tennessee. 

Cliff of Cambrian sandstones, southern side of Doe River gorge, near Hamp- 
ton, Tennessee. 

Plicated slates, near Wells post-office, Rutland county, Vermont. 

Summit of anticlinal fold, near West Arlington, Vermont. 

1194. Contorted and plicated slaty limestone, bed of Cedar creek, near 
Natural bridge, Virginia. 

Folds in Cambrian shales, northern bank of Cedar Creek, near Natural 
bridge, Pennsylvania. 

1210. Arched strata on Chesapeake and Ohio canal, near Hancock, West 
Virginia. 

Anticline in Lewiston limestone, South branch of Potomac river, near Hope- 
ville, West Virginia. 


2, 1213. Anticline of Tuscarora quartzite, Panther gap, Virginia. 
4. Arch of Upper Silurian quartzite forming the ‘‘ Rainbow ”’ at Iron gate, near 


Clifton forge, Virginia. 

Overthrown fold of Upper Silurian quartzite in Eagle mountain, Virginia. 

Anticlinal fold, Animikee slate, Pigeon point, lake Superior. 

Folded Halla-flinta, Naerodal, Norway. 

Gneiss, Stony Point-on-the-Hudson, New York. 

Slate, showing bedding, cleavage, and rigid calcareous layer, Bangor, Penn- 
sylvania. 

Quartz-schist with stretched tourmaline, Shoemaker’s quarry, Green Spring 
valley, Baltimore county, Maryland. 

Slate, showing cleavage and faulting, Bangor, Pennsylvania. 


FosstLs 


Carboniferous rocks, southern shore, Joggins, Nova Scotia, showing erect 
Sigillaria 

Shell beds in Chesapeake formation on Patuxent river, Jones’ wharf, Saint 
Marys county, Maryland. 

Daemonelix beds in Loup Fork formations near head of Little Monroe canyon, 
Sioux county, Nebraska. 
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1095. Fossil tree in Lower Cretaceous sandstone near Minnekahta station, southern 
Black hills, South Dakota. 

1145. Exogyra in Shoal creek, Texas. 

1324-1326. Petrified tree trunks, Fossil forest, Yellowstone park, Wyoming. 

1398. Foraminifera, etcetera, from chalk, Saint Helena, Nebraska. 

1404-1418. Collection of Second Geological Survey of Pennsylvania (see main cata- 
log for list). 


Geysers, YELLOWSTONE Park, WYOMING 


1285, 1286. Fountain geyser before eruption. 

1315. Small geyser in eruption, Upper Geyser basin. 
1316. Rustic geyser in eruption, Middle Geyser basin. 
1319. Spike geyser, Witch creek. 

1331. Beehive geyser. 

1332. Lone Star geyser in eruption. 

1333. Excelsior gevser. 

1334. Fountain basin. 

1336, 1339, 1353. Castle geyser. 

1337, 1338. Upper Geyser basin. 

1340. Crater of Grotto geyser. 

THI, 1352. Old Faithful in eruption. 


GLACIERS 


5, 6. Hidden glacier, Alaska. 

11. Mount Saint Elias, from Samovar hills, with Agassiz glacier, Alaska. 

12. Mount Saint Elias, southern face, Alaska. 

13. Ice cascade in Agassiz glacier, with new snow, Alaska. 

l4. Cascade in the névé of Newton glacier, Alaska. 

15. Cascade in névé of a tributary of Agassiz glacier, Alaska. 

18. Mount Saint Elias from Malaspina glacier, Alaska. 

21, Yahtse river issuing from a tunnel in Malaspina glacier, Alaska. 

22. Moraine-covered surface of Malaspina glacier, Alaska. 

23. Surface of Malaspina glacier. 

2%. South margin of Malaspina glacier. 

28. Tree broken by recent advance of Malaspina glacier, Alaska. 

29. Vegetation about southern border of Malaspina glacier, Alaska. 

30. Forest growing on margin of Malaspina glacier, Alaska. 

33. Vegetation on Malaspina glacier, Alaska. 

34-46, 51-57, 62, 65-69, 71, 73-81, 83-85. Muir Glacier region, Alaska. 

77,78. Junction of Girdled with Muir glacier, Alaska. 

97. Chugatch mountains, Alaska. 

101, 103, 105, 106. Valdes glacier, Alaska. 

115. Cleve valley, from moraine near foot of glacier, Alaska. 

123. Front of Woodworth glacier, showing topography of moraine-covered ice- 
front on Tasnuna river, Alaska. 

134. Woodworth glacier, near foot, where cut by Tasnuna river. 

146, 147. (Panorama.) View across Glacier creek, valley of upper Snake river 
near Nome, Alaska. 
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199, 200, 204. Mount Shasta from a distance. 

201. Mount Shasta, near view. 

202. Whitney glacier, crevasses, and moraine, nortliwestern slope of mount Shasta, 
California. 

203. Bulam glacier and moraine, northern slope of mount Shasta, California, 

205. Hotlum glacier and moraine, eastern slope of mount Shasta, California. 

223. Mount Lyell from the Tuolumne meadows, California. 

228. Mount Dana, California, small glacier on northern slope. 

229-231. Mount Dana glacier. 

232, 233. (Panorama.) Mount Lyell glacier, northern side of mount Lyell, Cali- 
fornia. 

312. Glacier and snow-field at head of Red Deer river, Alberta, Canada. 

625. Portirio Diaz glacier, Ixtacciluatl, Mexico. 

676. Glacier on Mission range, Montana. 

1218. Remnants of glaciers, Cascade pass, Cascade range, Washington. 

1221. Glacier and basin at head of Stebekin river, Cascade pass, Cascade range, 
Washington. 

1225, 1224. Typical glacier of the northern Cascade range, showing névé and 
incipient ice-stream with crevasses, Cascade pass, Cascade range, Wash- 


ington. 


1226. Typical glacier of the high Cascades, showing crevassing and terminal mo- ° 


raines, Cascade pass, Cascade range, Washington. 
1240. Carbon River glacier, mount Rainier, Washington. 
1241. Flora east of Carbon River glacier, mount Rainier, Washington. 
1242. Ive cascades, head of Carbon river, mount Rainier, Washington, 
1250. Glacier park, Monte Cristo, Washington. 
1263, 1264. North Puyallup glacier, mount Rainier, Washington, from Eagle cliff. 
1265. Liberty cap from near Spray falls, mount Rainier, showing Puyallup glacier. 
1266. View toward mount Rainier. 
1267. Puyallup glacier and Liberty cap, mount Rainier. 


GLaciAL Deposits 
(See also Glacial Topography ) 


4. Drift-strewn surface, Glacier bay, Alaska. 

5. Section of moraine ridge on Hidden glacier, Alaska, 

6. New kettle-hole in gravel, Hidden glacier, Alaska. 

Gravel waste plain and incipient kettle hole, Hidden glacier, Alaska. 
8. Push moraine, Crillon glacier, Alaska, showing disturbed forest. 

9 Push moraine, Columbia glacier, Alaska. 

16. Canyon in Chaix hills; stratified moraine with recent shells, Alaska. 
Is. Marginal drainage of Malaspina glacier, Alaska. 

19. Abandoned lake beds near Chaix hills, Alaska. 

22. Moraine-covered surface of Malaspina glacier, Alaska. 

31. Alluvial fan or eskar stream, Malaspina glacier, Alaska. 

35, 41, 42, 47-50, 58, 60, 65, 64. Muir Glacier region, Alaska. 


58, 50. Buried forest near Muir glacier, Alaska. 
63, 64. Muir glacier overriding stratified deposits, Alaska. 
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$4. Stream terrace at end of Muir glacier, Alaska. 

101. Moraine-covered crevasse ridge, foot of Valdes glacier, Alaska. 

102. Terminal moraine in front of Valdes glacier, Alaska. 

104. Looking south from Valdes. 

108. Silt bluffs on east side of Klutena river, Alaska. 

123. Topography of moraine-covered ice-front, Woodworth glacier. 

901. Terminal moraines of the Whitney and the Bulam glaciers, mount Shasta, 
California. 

203. Bulam glacier and moraine, mount Shasta, California. 

205. Hotlum glacier and moraine, mount Shasta, California. 

207. Moraine of late glacial field at western base of Lassen peak, California. 

218. Perched boulder near Jura lake, Mono valley, California. 

302. Moraines north of Pleasant valley, Alpine connty, California. 

308. Fraser river at Fountain, British Columbia. 

314. Bluffs at Lethbridge, Alberta. 

428. Moraine, Longs peak, Colorado. 

902-505. Drift, sections 5, 6, 7, Chicago drainage canal, Illinois. 

507. “Clay pocket,”’ section 10, Chicago drainage canal. 

526. Till interbedded in loess, north of Sioux City, Lowa. 

533. Buchanan gravels, cross-bedded sands and gravels ; lowan drift and boulders 
of Kansan drift type. 

334. Granitic boulders of lowan drift near Winthrop, Iowa. 

43. Mount Vernon paha. 

620. Ship rock, Massachusetts, a glacial-drift boulder at Peabody. 

717. Churchill rock, Nottingham, New Hampshire. <A glacial-drift boulder on 
Pawtuckaway mountain. 

658. Morainal debris; characteristic of moraine of Crazy mountains, Montana. 

718. Washington boulder, Conway, New Hampshire. 

719. Bartlett boulder, New Hampshire. 

735. Perched block of sandstone on Palisade ridge, east of Englewood, New Jersey. 

755. Cross-bedding in kame, near Lockport, New York. 

756. Till shore of lake Ontario, New York. 

757. Deposit of torrent of Erian water, Lockport, New York. 

749. Angular gravel in kame, south of Royalon, Niagara county, New York. 

811. Cut in drift near Gravesville, New York. 

898-900. Drift boulder, Bronx park, New York city. 

3. Rocking stone in Bronx park, New York city. 

4. Perched rock near mount Kisco in Westchester county, New York. 

5. Boulder clay, near site of Columbia University, New York city. 

%4, 975. Glacial till and boulder at the Bangor slate quarry at Bangor, Northamp- 
ton county, Pennsylvania. 

%7. Boulder of Pottsville conglomerate on crest of Penobscot mountain, Luzerne 
county, Pennsylvania. 

983. Castle rock, Edgemont township, Delaware county, Pennsylvania. 

1238. Drift dam, east end of lake Chelan, Washington ; shows stratification. 

1302. Erratic boulders, Pleasant valley, Yellowstone park, Wyoming. 

1303. Glacial boulder, brink of Yellowstone canyon. 


ta, 
5 
= 
ze, 
nd 
sh- 4 
‘ 
| 
¢ 
e 


460 N. H. DARTON—CATALOG OF PHOTOGRAPHS 


GLACIAL LAKES 


41. Rock basin, Muir glacier, Alaska. 
184. Crescent lake, Yosemite, California. 
278. Lake on north fork of Big Pine creek, Inyo county, California. 
299. Granite lake, Tuolumne county, California. 
431. Lake near Longs peak, Colorado. 
656. Lake at head of Little Timber creek, Crazy mountains, Montana. 
676. Glaciers on Mission range, Montana. 
1253, 1254. Silver lake, near Monte Cristo, Washington. 
1222. Doubtful lake, Cascade range, Washington. 


GLACIAL ScratcHes, Furrows, Ercerera 


82. Scratches at north end of Sebree island, Alaska. 

192. Granite surface near Johnson lake, Yosemite valley, California. 

208. Glacial strive, north Yallobally mount, Coast range, California. 

525. Glacial scorings, Kingston, Des Moines county, Iowa. 

733. Roche Moutonnée (trap) near Englewood, New Jersey. 

734, 736. Glaciated surface of trap at reservoir, Weehawken, New Jersey. 


798, 799. Typical glaciated surface with scratches from the grounding of icebergs, 


shore of lake Ontario at Pillar Point, New York. 
901. Glaciated surface, Bronx Park, New York city. 


902. Glacial furrows across the foliation of the gneisses, Bronx park, New York 


city. 


971. Glaciated scratches on shale near Fox gap, Monroe county, Pennsylvania. 
972. Great glacial grove on table rock at Delaware water gap, Pennsylvania. 


975. Glaciated boulder, Bangor, Pennsylvania. 


979. Glacial strie, south slope of Godfreys ridge, Monroe county, Pennsylvania. 
1011. Glaciated boulder from moraine, base of Huntingdon mountain, near Jones- 


town, Columbia county, Pennsylvania. 
1402. Striated limestone boulder from loess, Norway, Lowa. 
J 


*GiactaL TopoGRaPny 
(See also Glacial Deposits and Glacial Lakes) 


24. Country south of Malaspina glacier recently abandoned by ice. 
32. Glaciated surface, Haenke island, Alaska. 

70. Rounded limestone on Drake island. 

177. Dome above Nevada falls, Yosemite valley, California. 

178. Domes above Nevada falls, Yosemite National park, California. 


185. Plateau north of Yosemite valley and canyon of Tenaya creek, from near 


Sentinel dome, in Yosemite park. 
206. Glaciated rocks, southeastern slope of mount Shasta, California. 
220. Gibbs canyon, from Williams butte, Mono valley, California. 
221. Bloody canyon, south of Mono lake, California. 
227. Tuolumne valley, California, showing upper limit of ancient glacier. 
228. Glaciated country near mount Dana, California. 


* Only the more striking views are included. 
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Glaciated dome in Tuolumne valley, California. 
View near headwaters of north fork of Big Pine creek, Sierra Nevada moun- 
tains, Inyo county, California. 


. Glaciated canyon north of lake Eleanor, Tuolumne county, California. 


Glaciated granite, about 6 miles north of Hetch-hetchy valley, Tuolumne 
county, California. 
Glaciated surfaces at Granite lake, Tuolumne county, California. 


. Glaciated knob of columnar hornblede andesite, 3 miles west of Silver peak, 


Alpine county, California. 


. Granite north of Charity valiey, Alpine county, California. 


Moraines north of Pleasant valley, Alpine county, California. 

Glaciate | granite, with fissures and lavas, from Charity valley, Alpine 
county, California. 

Glaciated surface of basalt, western Canada. 

Ice-pressed boulder pavement, Red Deer lake, Saskatchewan. 

Laurentian gneiss, southern shore of Little Play, Green lake, Canada. 


. Longs peak, Colorado. 


544. Paha between Mount Vernon and Lisbon, Iowa. 

Lingulate lobes of heavy loess near Iowan frontier, northwest of Princeton, 
Scott county, Iowa. 

Kansan drift-sheet, showing slopes of larger ravines; south of Cedar river, 
Linn county, Iowa. 


3. Kansan drift-sheet loess-mantled spatulate gullies, south of London, Cedar 


county, Iowa. 


. Kansan-loess topography, showing even sky line and _ spatulate valleys, 


Dixon, Scott county, Iowa. 
Mount Desert Island ; looking southwest from Green mountain. 


. Eagle lake, Mount Desert island. 
. Roche moutonnée, Marblehead, Massachusetts. 
. Cathedral rock, with hills of typical roche moutonnée outline, North Conway, 


New Hampshire. 
734, 736. Palisade trap, New Jersey. 
Till plain near Jeddo, Niagara county, New York. 


. Solitary gravel kame near Middleport, New York. 


785. Channel opened by Erian drainage while the ice-sheet occupied the 
Ontario basin, between Syracuse and Jamesville, New York. 

787. Channel opened by Erian drainage while the ice-sheet occupied the 
Ontario basin, near Marcellus, New York. 


. The Gulf. A channel opened by Erian drainage while the ice-sheet occupied 


the Ontario basin, west of Marcellus village, New York. 
795. Drumlins, south of Newark, New York. 
Drumlin, 2 miles southwest of Jamesville, New York. 


. Kettle-holes in the moraine in Cherry valley, Monroe county, Pennsylvania. 
. The terminal moraine crossing Cherry valley, Monroe county, Pennsylvania. 


Long ridge, terminal moraine on the Pocono plateau, Monroe county, Penn- 
sylvania. 


. Moraine kettle and kames in Cherry valley, Monroe county, Pennsylvania. 


Kames in Cherry valley, Monroe county, Pennsylvania. 
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973. The terminal moraine west of Coles creek, in Columbia county, Pennsyl- 
vania. 

976. Terminal moraine near Saylorsburg, Monroe county, Pennsylvania. 

980, 981. Terminal moraine near Bangor, Northampton county, Pennsylvania. 

982. Moraine hummocks west of Bangor, Northampton county, Pennsylvania. 

1022. Terminal moraine crossing Fishing Creek valley, Columbia county, Pennsyl- 
vania, 

1217. Stehekin valley east of Cascade pass, Cascade range, Washington. 

1218. Basin at head of Stehekin valley, showing glacial amphitheaters and glacier 
remnants, east of Cascade pass, Cascade range, Washington. 

1219. Cascade pass, Cascade range, Washington. 

1240. Moraine at Carbon River glacier, mount Rainier, Washington. 

1243. Glacial amphitheater eroded in the granite, Denny creek, Snoqualmie, 
Washington. 

1249. Panorama from Willmann pass (south half), Monte Cristo, Washington. 

1262. Crater lake with glaciated rocks, mount Rainier, Washington. 

1266, 1267. Northwestern slope of mount Rainier. 


GREAT PLAINS 


416. Characteristic landscape on broad upland between the Platte and Arkansas 
rivers, the Great plains, Colorado. 
417. Spring issuing from the ‘‘ Tertiary grit,’’ the Great plains, Colorado. 


IncLusions IN Iangous Rock 


191. Boulder of igneous pudding stone, Yosemite valley, California. 
285. Nodules in granites, Granite lake, California. 

286. Inclusions in porphyrite, Feather river, California. 

390. Lava on Castle rock, Golden, Colorado. 

1306, 1307. Lithophysee, Yellowstone park. 


INTERFORMATIONAL CONGLOMERATES AND UNCONFORMITIES 


349. Conglomerate in Sillery beds below Quebec, Canada. 

531. Leelaire limestone, Leclaire, Iowa. 

555. Leclaire limestone, Lowden, Iowa. 

560-563. Breccia in Lower Davenport beds, Linn county, lowa. 

679. Conglomerate lens in Brule clay near Gering, Nebraska. 

680. Conglomerates in Arikaree beds near Gering, Nebraska. 

773. Unconformity by erosion, in Medina formation, Niagara gorge, New York. 
813, 814. Boulder in Algonkian limestone near Fort Ann, New York. 
1036. Cambrian limestone, Lancaster county, Pennsylvania. 

1039. Conglomerate limestone, York county, Pennsylvania. 

1157. Brecciated limestone conglomerate near Highgate falls, Vermont. 


Laccouirr Dome 


1281. Little Sundance dome, Sundance, Wyoming. 
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LAKE TERRACES 468 


LAKE TERRACES (OLD) 


315. Upper lake Agassiz beach, Manitoba. 

495, 496. Tertiary lake bed terraces near Salmon City, Idaho. 
642. Near Glen Arbor, Michigan. 

643. South Manitou island, Michigan. 

740, 741. Iroquois shore near Wolcott, New York. 

742. Iroquois shore near Constantia, New York. 

745. Iroquois shore near Watertown, New York. 

753. LTroquois shore west of Dickersonville, New York. 

802. Old shoreline near Rose Village, New York. 

1234-1237. Lake Chelan, Washington. 


LANDSLIDES 


363. Swath cut by snowslide, Gunnison county, Colorado. 
395. North ridge of Corkscrew gulch, from north side of McIntyre gulch, Colorado. 
396. Topography between Corkscrew gulch and Red mountain, Colorado. 


Maps oF DevELOPMENT oF THE UNITED 


1378. Early Pleistocene. 
1379. Close of Neocene. 

1380. Middle Cretaceous. 
1381. Close of Carboniferous. 
1382. Early Carboniferous. 
1383. Devonian. 

1384. Silurian. 

1385. Lower Cambrian. 

1386. Algonkian. 


Mgsas 


384. Mount Wilkinson, Colorado. 
418-420. Rattlesnake and Haystack buttes, Huerfano county, Colorado. 
442. Mesa Verde, Colorado. 


Minera Deposits 
(See also Veins and Mining Operations) 


145. Noine Beach gravels, auriferous ruby sand at base, Alaska. 

654. Open cut and stopes at Pilot knob, Missouri, showing relations of specular 
hematite to the porphyry, and also thickness of ore body. 

815. Interior of Dixon plumbago mine, 4 miles west of Hague, Warren county, 

New York. 

816. Exterior view of Dixon plumbago mine, 4 miles west of Hague, Warren 
county, New York. 

1104. Gypsum in red beds, Hot springs, Black hills, South Dakota. 

1165, Outerop of coal at Bingly slope, north end of Heath basin, Richmond Coal 
basin, Virginia. 
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MINING OPERATIONS 


132. Sluicing the gold placers on Myrtle creek, Alaska. 

133. Gold-bearing schist, showing cleavage and attitude of rock in bed of Myrtle 
creek , Alaska. 

149. Anvil Creek diggings, Nome, Alaska. 

238. Hydraulic mining, Cherokee Flat, Butte county, California. 

292. Cascade hydraulic gold gravel mine, Plumas county, California. 

412. Sunshine coal mines, Jerome park, northwestern Colorado. 

497. Old gold diggings on Napias creek, Leesburg, Idaho. 

498. Rocky cut for sluice, California bar, Idaho. 

499. Discharge sluice, California bar, Idaho. 

500. Hydraulic mining, California bar, Idaho. 

646. Open cut at iron mines of the Minnesota Company near Tower, Minnesota, 

647. Sunken ground over the Chandler mine, Ely, Minnesota. 

648. Oliver mine, Virginia, Minnesota. 

649, 650. Working face of the Mountain Iron mine, Minnesota. 

651, 652. Canton mine, Mesabi range, Minnesota. 

653. A western Missouri coal mine. 

654. Open cut and stopes at Pilot knob, Missouri. 

660. The Parrot and Anaconda mines, Butte, Montana. 

661. The Lexington mine, Butte, Montana. 

815. Interior of Dixon plumbago mine, near Hague, Warren county, New York. 

816. Exterior of Dixon plumbago mines, near Hague, Warren county, New York. 

857-867. Salt industry, western New York. 

931-933. Cranberry iron works, North Carolina. 

942. Rose’s black sand mine; Eocene shales, Oregon. 

943-947, 1016-1019. Coal tipples, Pennsylvania. 

951. Compressed-air locomotive, Old Eagle mine. 

989. Breaker at Hollywood colliery, showing stripping. 

990. Syncline in mammoth bed, Hollywood colliery, Hazelton, Pennsylvania, 
showing open-work mining after stripping. 

995-997. Old Wheatley lead mine, near Pheenixville, Pennsylvania. 

998. Head frame, Kaska William colliery, Schuylkill county, Pennsylvania. 

1010. Creep strive on roofing slate, Bangor, Northampton county, Pennsylvania. 

1012, 1024. Stripping at Hollywood colliery No. 1, Pennsylvania. 

1013, 1025. Workings at Hollywood colliery, No. 1, Pennsylvania. 

1014. Pottsville deep shaft, Pennsylvania. 

1015. Kohinoor colliery culm and rock dump, Pennsylvania. 

1020. Breaker in process of construction, Kohinoor colliery. 

1021. Boring for oil, Chester county, Pennsylvania. 

1023. Culm and rock heaps at Shenandoah, Pennsylvania. 

1117. Open cut in Father de Smet mine, Black hills, South Dakota. 

1118. Old Abe eut, Lead City, Black hills, South Dakota. 

1119. Deadwood gulch, near Deadwood, Black hills, South Dakota. 

1133. Iron mine in “ gossan”’ of a pyrrhotite vein, Isabella mine, Ducktown, Ten- 
nessee. 

1134. The Mary copper mine, in copper-bearing pyrrhotite at Ducktown, Tennessee. 
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MonocuinaL RipGes 
(Marked instances only) 


376. East of Twin Sisters peaks, Colorado. 

401. Dakota sandstone, Perry park, south of Denver, Colorado. 

402. Vertical Red beds, Perry park, Colorado. 

403-406. Garden of the Gods, Colorado. 

410. Colorado City, Colorado; Triassic and Jurassic. 

663, 664. Hogback of upturned Cambrian sandstone, Indian creek, west of Town- 
send, Montana. 

672. Lower Paleozoic section, north fork of Dearborn river, Montana. 

673. Carboniferous limestone cliff of mount Dearborn. 

712. North end of Clayton valley, capped by basalt. 

1099. Hogbacks of Dakota sandstone, Buffalo gap, Black hills, South Dakota. 

1216. Silurian quartzite, Rathole mountain, valley of James river, Virginia. 

1268. Paleozoic rocks southwest of Sheridan, Big Horn mountains, Wyoming. 

1282. Jurassic rocks, Como (Aurora), Wyoming. 


Mup Cracks 


453. Triassic sandstone from Portland, Connecticut. 
1167. Recent mud cracks, Skin quarter, Virginia. 


NATURAL BripGEs 


1109. Jurassic sandstone near Buffalo gap, Black hills, South Dakota. 
1080. Protoceras sandstone, Big Bad lands, South Dakota. 

1189-1191. Natural bridge, Virginia. 

1314. Rhyolite, Bridge creek, Yellowstone park, Wyoming. 


NATURAL CoKE 


1168. Fragment of prismatic coke at Gayton, Virginia, at contact with vertical 
trap dike. 
1169. An outcrop of columnar coke, north of Saunders slope, Gayton, Virginia. 


PorHoLes 


281. Canyon of fork of Mokelumne river, California. 


508. Oolite quarry, Steinsville, Indiana. 


‘510. Hunter’s quarry, Bloomington, Indiana. 


jl. Johnson’s quarry, Bloomington, Indiana. 

521. Gypsum quarry, Fort Dodge, lowa. 

532. Cedar Valley quarry, Iowa. 

535. Champion quarry, Stone City, Lowa. 

558. Bieler’s quarry, Cedar valley, Iowa. 

590. Granite quarry, Hallowell, Maine. 

781. QQuarry in Medina sandstone, Lockport, New York. 
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782. Quarry in Niagara limestone, Lockport, New York. 

829. Trenton limestone, Glens Falls, New York. 

833. Helderberg limestone at Howes cave, New York. 

838, 839. Helderberg limestone, south Bethlehem, New York. 
847. Becraft limestone, Rondout, New York. 

848. Cement near Whiteport, New York. 

952. Deshong quarry, near Chester, Pennsylvania. 

953, 1027. Ward’s quarry, near Chester, Pennsylvania. 

954. Ohlinger Dam quarry, near Reading, Pennsylvania. 

955, 956. Leiper’s quarry, Delaware county, Pennsylvania. 

960. Feldspar quarry, Delaware county, Pennsylvania. 

961. Kaolin mine, Chester county, Pennsylvania. 

962. Kaolin mine at Hockeshin, Delaware. 

984. Lafayette soapstone quarry, Montgomery county, Pennsylvania. 
993. Rausch’s gravel quarry, Bethlehem, Pennsylvania, 

994. Limestone quarry, Bethlehem, Pennsylvania. 

1000, 1026. Avondale quarry, Delaware county, Pennsylvania. 
1005. Potts’ limestone quarry, below Morristown, Pennsylvania. 
1006. Limestone quarry, Port Kennedy, Pennsylvania. 

1029. Franklin slate quarry, Slatington, Pennsylvania. 

1030. Slate quarry, Bangor, Pennsylvania. 

1100. Grindstone quarry in Dakota sandstone, Edgemont, South Dakota. 
1127. Marble quarry, Knoxville, Tennessee. 

1151. Cambrian quartzite, Burlington, Vermont. 

1155. Marble quarry, West Rutland, Vermont. 


RAINPRINTS 


424. Modern rainprints, natural size; dried mud from Great plains, Colorado, 


Recent Voucanic Features 


86-88. Saint Paul island, Alaska. 
224. End of Obsidian flow, Mono craters, California. 
225. Mono crater, California. 
239. Lava capped river bed of the ancient Sacramento near Delta, California. 
240-252. Scene of a late volcanic eruption in northern California. Cinder cone, 
lava field, ash-covered slopes, lava dam, volcanic bombs and blocks. 
355-357, 361. Costa Rica. Ira Zu volcano. 
359, 360. Costa Rica. Crater lake of Poas volcano. 

460-494. Hawaiian islands. 

627. Section of lava flow, El Pedregal of Tialpam, near San Angelo, Mexico. 


Retier Maps 


948. Rocky ridge and East broad top coal basins, in Huntington county, Penn- 
sylvania. 

949. Bald Eagle mountain and Nittany valley, Pennsylyania, 

950, Cornwall iron mines, Pennsylvania, 


290 
327 
775 


778 
988 


107. 
494. 
710, 
888, 
1296. 


| 
20, 
4 99. 
111. 
171. 
330. 
353- 
394. 
494. 
524. 
551. 
642. 
670. 
681. 
694, 
710. 
767. 
1141. 
1170. 
1171. 
1229, 
1296. 
84. | 
107. 
$6-4 


ne, 


RIPPLE-MARKS 


RippLe-MARKS, WIND AND WATER 


990-291, 295. Wind ripples in sand, Golden Gate park, San Francisco, California. 


327. Lower Helderberg rocks, Arisaig, Nova Scotia. 

775, 779. Ripple-mark on Medina sandstone, Lockport, New York. 

776. Flagstone at Elyria, Ohio. 

777. Large ripple-mark in Medina sandstone, Niagara gorge, New York. 
778, 780. Large ripple-mark in Medina sandstone, Lewiston, New York. 
938, 939. Ripples on dunes, Biggs, Oregon. 


River Fiats Fresner Deposits 
(See also River Terraces and Deltas) 


20, 26. Yahtse river, Alaska. 

99. Dyea, Alaska. 

lll. Mouth of Chettyna river, Alaska. 

171. Shingle, Yosemite valley, California. 

330. South Saskatchewan river, Northwest Territory. 
353-354. Low tide in the basin of Minas, Nova Scotia. 
394. Animas flood plain, Colorado. 

444. Valley of Haualei, Sandwich Islands. 

524. Flood plain of the Missouri, below Westfield, Iowa. 
551. Valley of Cedar river, south of Mount Vernon, Iowa. 
642. Lake Michigan near Glen Arbor, Michigan. 

670. View down Yellowstone valley, Montana. 

681. Platte river at Scotts bluff, Nebraska. 

64. Platte river at Wyoming-Nebraska line. 

710. Humboldt valley, Nevada. 

767. Valley of Eighteen-mile creek, Niagara county, New York. 
1141. Colorado river near Mount Bonnell, Texas. 
1170. James river at Vinita, Virginia. 
1171. James river near Cornwallis hill, Virginia. 
1229. Columbia river, east of lake Chelan, Washington. 
1296. Ox-bow bend, Hayden valley, Yellowstone park, Wyoming. 


River 
(Marked examples only) 


107. Klatena river at Devils elbow. 

494. Valley of Hanalei, Kauai. 

710. Sediments of lake Lahontan, Humboldt valley, Nevada. 

888. Ray brook, Adirondacks, New York. 

1296. ‘* Ox-bow ” bend, Trout creek, Yellowstone National park, Wyoming. 


River TERRACES (OLD AND NEW) 
(See also River Flats) 


$4. Stream terraces at end of Muir glacier. 
107. Klutena river at Devils elbow. 
6-159. Embankments of river Po, Ttaly. 
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495, 496. Terraces of Tertiary lake-beds on Lemhi river near Salmon City, Idaho. 

935-937. Dunes, Biggs, Oregon. 

1170. South bank of James river at Vinita, Virginia; flood plain in foreground. 

1171. James river and Cornwallis hill. 

1228. Columbia valley, Washington ; terraces of Pleistocene age and high plateau 
of Miocene basalt. 

1229. Columbia river, Washington, east of lake Chelan. 

1230. Gravel terraces of stream origin in delta of Chelan river at its junction with 
the Columbia, Washington. 

1232. Chelan falls, Columbia River, Washington; terrace 600 feet above the Co- 
lumbia. 

1239. Lake Chelan, Washington, and outlet; general view of the drift dam and 
the site of Chelan. 


Sanp Dunes 


623, 624. Cape Cod, Massachusetts. 

644. Near Sleeping Bear bluff, eastern shore of lake Michigan. 
645. South Manitou island, lake Michigan. 

686, 687. Typical sand hills, north of Camp Clarke, Nebraska. 
935-939. Dunes, Biggs, Oregon. 

1231. East of lake Chelan, Washington. 


Scuistosiry, CLEAVAGE, AND JOINTING 
(See also Columnar Structure) 


3. Near Kadiak, Alaska. 
95. Dark limestone, with schistosity and quartz, Gens de Larg river, Alaska. 

165, 166. Royal Arches, Yosemite valley, California. 

176. Granite with forms of erosion, Conness Peak trail, Yosemite park, California. 

180. Fractures in granite at base of Liberty cap, Yosemite park, California. 

183. The Arches, Yosemite valley, California. 

188. Exfoliating granite east of Royal Arch lake, Yosemite valley, California. 

189, 190. Exfoliating granite on slope northwest of Grouse lake, Yosemite valley, 
California. 

219. Joints in granite, mount Lyell, California. 

254. Cambrian quartzites showing vertical cleavage of the strata, Soldiers canyon, 
White Mountain range, Inyo county, California. 

255-257. Lower Cambrian quartzites, showing vertical cleavage in massive layers 
and interbedded thin layers without cleavage, Soldiers canyon, White 
Mountain range, Inyo county, California, 

270. Granite on hill on north side of Deep Spring valley, Inyo county, California. 

272, 273. Cambrian limestone and sandstone, Waucobi canyon, Inyo county, 
California. 

288. Old andesite (porphyritic) tuffs west of Salmon lakes, Sierra county, Cali- 
fornia. 

391. Table mountain, Golden, Colorado, showing unequal, horizontal tabular 
jointing in basalt wall. 

393. Granite in Animas canyon, Colorado. 
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527. Quarry in Devonian limestone, showing two parallel joints. Near Lowa City, 
Johnson county, Iowa. 

528. Columns of Saint Croix sandstone, Lane’s farm, Iowa. 

556. Leclaire limestone, illustrating breaking down of cliffs along joint planes 
Near Massillon, Iowa. 

664. Hogback, formed by upturned Cambrian sandstone. West of Townsend, 
Montana. 

769. Section of Niagara limestone, near La Salle, Niagara county, New York. 

770. Section in cut of Erie railway, Niagara falls, New York. 

782. Quarry face in Niagara limestone, Lockport, New York. 

793. Grouped joints in Devonian shale, Watkins glen, New York. 

805-807. Penrhyn slate quarry, Middle Granville, New York. 

809. Cliffs in Topmans gulf, Jefferson county, New York. 

94. Ohlinger Dam quarry, showing both dip and cleavage in Laurentian gneiss, 
near Reading, Pennsylvania, 

957, 958. Quarries at Slatington, Pennsylvania. 

1028, Slate quarry at Bangor, Pennsylvania. 

1020. The Franklin slate quarry, Slatington, Pennsylvania. 

1035. Quarry near Bellemont post-office, Lancaster county, Pennsylvania. 

1041. Ohio river and bluff opposite Beaver, Pennsylvania. 

1125. Palisades on Split Rock creek, South Dakota. 

1220. Cascade pass, Cascade range, Washington ; cliffs of hornblendic gneiss ex- 
hibiting vertical jointing. 

122. Basin peak, Cascade range, Washington. 

1397. Gneiss, showing foliation, Massachusetts. 


Snore 
(See also Lake Terraces and River Terraces) 


2%. Sitkagi bluffs at margin of Malaspina glacier. 
317. Swampy island, lake Winnipeg, Manitoba. 

821. Cedar lake, Saskatchewan, Northwest Territory. 
322. Northwest shore of lake Winnipeg, Manitoba. 
324. North side Deer island, lake Winnipeg. 

329. The Ovens, Nova Scotia. 

342. Conception Bay, Newfoundland. 

358. Hicaron island, Pacific ocean. 

598. Plum point, Calvert county, Maryland. 

600. Wortons point, Kent county, Maryland. 

605-609, 614. Head of Chesapeake bay, Maryland. 
619. Long Island head, Boston harbor, Massachusetts. 
622. Great Brewster islands, Boston harbor, Massachusetts. 
628. Mackinaw island, Michigan. 

629. Sea-cliff near Marquette, Michigan. 

630. Au Train island, lake Superior, Michigan. 

631, 633, 643. South Manitou island, Michigan. 

632. Sleeping Bear point, lake Michigan, Michigan. 
634. North Manitou island, lake Michigan, Michigan. 
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642. Lake Michigan near Glen Arbor, Michigan. 

725. Palisades of the Hudson, New Jersey. 

737. Griffin bay, lake Ontario, New York. 

746. Limestone blocks, rounded by wave action, near Watertown, New York. 
783. Lake Ontario at Wilson, New York. 

878. Palisades of lake Champlain, New York. 


SINK-HOLES 


1278. Minnekahta limestone east of Cambria, Wyoming. 
840. Helderberg limestone near Coxsackie, New York. 


SPHEROIDAL STRUCTURE 


392. North Table mountain near Golden, Colorado. 
940. Voleanic rock, 1 mile east of Cascade locks, Oregon. 


SPRINGS 
(See also Geysers and Spring Deposits) 


1096. Thermal springs at Cascade, South Dakota. 
1309. Spring in Gallatin canyon, Wyoming. 


SprinG Deposits 


217. Towers of tufa, shore of Mono lake, California. 

364, 365. Caleareous tufa bank, Cement creek, Gunnison county, Colorado. 
374. Iron spring near Ophir, Colorado. 

689. Spring and its saline deposits from Pierre shale, Chadron, Nebraska. 
708. Tufa domes, Lake Lahontan basin, Nevada. 
i121. ‘‘ Spearfish falls,” Black hills, South Dakota. 
1283, 1335. Minerva terrace, Mammoth hot springs, Yellowstone park, Wyoming. 
1284, 1330. Paint pots near Fountain hotel, Yellowstone park, Wyoming. 
1285-1287. Fountain geyser, Yellowstone park, Wyoming. 
1288-1295. Angel terrace, Yellowstone park, Wyoming. 
1317. Runway of Indigo spring, Yellowstone park. 

1318. Algee basins, Emerald spring, Upper Geyser basin, Yellowstone park. 
1319. Spike geyser, Witch creek, Yellowstone park. 

1320. Siliceous sinter from Coral spring, Yellowstone park. 

1331. Beehive geyser, Yellowstone park. 

1332. Lone Star geyser, Yellowstone park. 

1333. Excelsior geyser, Yellowstone park. 

334. Fountain basin, Yellowstone park. 

1336. Castle geyser, Yellowstone park. 

1337. Upper Geyser basin, Yellowstone park. 

1338. Upper Geyser basin; formation of siliceous sinter, Yellowstone park. 
1339. Crater of the Castle geyser basin, Yellowstone park, Siliceous sinter. 
1340. Crater of the Grotto geyser, Yellowstone park. 

1341, Old Faithful in eruption, Yellowstone park. 
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1283, 1335, 1342, 1343. Mammoth hot springs, Yellowstone park. 
1349. Cleopatra and Jupiter terraces, Mammoth hot springs, Yellowstone park. 
1351. Pulpit terraces, Mammoth hot springs, Yellowstone park. 


Terer Burres 


413. Group north of Nepesta, Pueblo county, Colorado. 

414. Two miles northeast of Boone, Colorado. 

415. Exposed core of a Tepee butte north of Nepesta, Pueblo county, Colorado. 

1279. Typical butte, due to limestone lense in shale, Weston county, Wyoming. ; 


Turaceous LAKE-BEDS 


704, 707, 709, 711. Lake Lahontan, Nevada. 


UNCONFORMITIES 
(Near views only) 


239. Lava-capped river-bed, near Delta, California. ’ 

204. Neocene gravels on lowan sandstone, Amador county, California. 

347. Gneiss and Trenton limestone, near Montmorenci falls, Canada. 

409. Silurian sandstone on gneiss, etc., near Canyon City, Colorado. 

450, 451. Triassic conglomerate on crystalline schist, near Southington,Connecticut. 

505. Drift on limestone, Chicago drainage canal, Illinois. 

542. Drift on Leclaire limestone, Scott county, Iowa. 

552. Niagara on Hudson, Lyons, lowa. 

593, 594, 603. Columbia formation on crystalline rocks, Washington, D. C. 

595. Lafayette formation on Chesapeake sands, Washington, D. C. 

596. Chesapeake, Matawan, and Potomac formation, District of Columbia. 

605-608. Columbia formation on Potomac formation, head of Chesapeake bay, 
Maryland. 

611. Columbia and Potomac formations, Baltimore, Maryland. 

612. Formation of gravel from vein quartz, Washington, D. C. 

803. Calciferous sandrock on gneiss, Little falls, New York. 

825. Potsdam sandstone on crystalline rock, Jessups landing, Saratoga county, * 
New York. 

826. Potsdam conglomerate on crystalline rock near Mosherville, New York. 

830. Calciferous sand rock on crystalline schist, near Downing station, New York. 

$6, Champlain clay against Helderberg near Rondout, New York. 

1067. Titanotherium beds on Pierre shales, Washington county, South Dakota. 

1105. Jurassic sandstone on Red beds, south of Hot Springs, South Dakota. 

lll. Cambrian sandstone on crystalline schist, Deadwood, South Dakota. 

1136. Voleanie ash and chalk, Kountz series, Texas. 

148. Carboniferous and Permian, Hurricane cliff, south of Toquerville, Utah. 


VEINS 


126. Quartz gash veining in blue quartz schist bed rock on Tasnuna river, Alaska. 
393. Granite cut by veins of quartz, feldspar, and biotite, coarse, in canyon of 
Animas river, Colorado. 
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472 N. H. DARTON—CATALOG OF PHOTOGRAPHS 
626. Weathering of quartz vein near El Bote mine, Zacetecas, Mexico. 13 
1158, 1159. Seams in limestone filled with cale-spar, Calciferous formation, High- 18 
gate springs, Vermont. 
1222. View of Doubtful lakeand slope of mountain, showing joint systems which 
are commonly mineralized, Basin peak, Cascade range, Washington. 
WATERFALLS 


1. Black creek, Alabama. 
96. Gens de Lars rapids, Alaska. Is 
181. Vernal falls, Yosemite valley, California. 


236. Burney falls, Shasta county, California. » 
337-340. The Grand falls of Labrador. 26 
343. Falls of Manuels brook, Conception bay, Newfoundland. 

421. Typical water-pocket near Thatcher, Colorado. 97 
460. Peepee falls near Hilo, Hawaiian islands. 98 
462. Rainbow falls, Hawaii. 98 


618. Great falls of the Potomac. 
724. Falls of the Passaic, Paterson, New Jersey. aI: 
791. Post-Glacial canyon in Devonian shales, Watkins glen, New York. 


792. Waterfall in Watkins glen, New York. 26 
804. High falls of Genesee river at Rochester, New York. 37 
812. Distant view of ‘‘ High falls,’ at Trenton falls, New York. 37s 
817. Caleiferous on East Canada creek, Herkimer county, New York. 

818. Calciferous on East Canada creek, Herkimer county, New York. 373 
821. Ravine in Utica shales behind Canajoharie, New York. 

823. Principal falls of Trenton falls, New York, over Trenton limestone. 377 
828, 885. Glens falls on Hudson river, New York. 

$32. Spencer falls, Trenton falls, New York, over Trenton limestone. 399 
834. Indian ladder, Helderberg mountains, Albany county, New York. 398 
$49-851. High falls, Ulster county, New York. 509 
855. Awosting falls, near lake Minnewaska, Ulster county, New York. 337. 
856. Honk falls, near Napanoch, Ulster county, New York. 340. 
871. Rainbow falls, Ausable chasm, New York. 542. 
886. Lower falls, Falls Creek gorge, Ithaca, New York. 666- 
892. Bog River falls, Adirondacks, New York. 677. 
906-911. Niagara falls. 713, 
1121. Spearfish falls, Black hills, South Dakota. 

1156. Highgate falls, Vermont. 771, 
1188. Lace falls, Cedar creek, above Natural bridge, Virginia. 

1245. Falls on Snoqualmie river, Washington. 310. 
1299. Waterfall over Cambrian limestones, Sheep creek, Teton range, Wyoming. 

1308, 1313. Keplers cascade, Fire Hole river, Yellowstone park. 913. 
1310. Emerald Creek falls, Yellowstone park. 985- 
1311. Tower falls, Yellowstone park. 991, 
1312. Rustic falls, Glen lake, Yellowstone park. 1040. 
1327. Fire Hole falls, Yellowstone park. 1041. 
1329, 1346, 1548. Lower falls of Yellowstone river, Yellowstone park. 1097-1 
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1338. Upper Geyser basin, Yellowstone park. 
he 1344, 1347. Upper falls of the Yellowstone, Yellowstone park. 


ch WEATHERING 
(See also Schistosity, Cleavage, Jointing, and Wind Erosion) 


176. Granite showing effect of cleavage fractures in producing forms of erosion, 
Conness Peak trail. Yosemite valley, California. 

186. Rock basin, Yosemite valley, California. 

187. Weathering of biotite-granite, ridge south of Morrison creek, a branch of 
the Tuolumne river, Yosemite valley, California. 

226, Eolian erosion in rhyolite, Mono valley, California. 

268, 269. Granite boulders resulting from disintegration of massive granite, Sierra 
Nevada, Inyo county, California. 

271. Cherty layers in limestone, Invo county, California. 

283. Shattered granite crest of the Sierra Nevada, Tuolumne county, California. 

289. Exfoliating granite on crest of Sierra Nevada, south of Raymond peak, Cali- 
fornia. 

319. Dakota sandstone near an old lake Agassiz shore-line, Kettle hill, Swan 
lake, Manitoba. 

362. Voleanic boulder drift, chief geologic feature of Central America. 

371. Mount Sneffels, San Juan county, Colorado, 

372. Characteristic cliff of fine-grained andesitic tuff, Bridal Veil basin, near Tel- 
luride, Colorado. 

373. Characteristic cliffs and pinnacles of coarse-bedded andesitic breccia and 
tuff; South Lookout peak near Ophir, San Juan mountains, Colorado. 

377. Typical cliffs of bedded breccias and tuffs, Vermilion peak, San Juan moun- 
tains, Colorado. 

392. Spherical sundering in basalt, northern Table mountain, Golden, Colorado. 

398. Cliffs on San Juan tuff, north of Full Moon gulch, Colorado. 

509. Weathering of oolitic limestone near Herodsburg, Indiana. 

537. Saint Peter sandstone, Iowa. 

540. Niagara limestone stairway at ‘* Devils Backbone,’’ Delaware county, Iowa. 

542. Leclaire limestone below drift, Scott county, Iowa. 

666-669. Carboniferous sandstones 8 miles south of Livingston, Montana. 

677. Eroded sandstones, Teton county, Montana. 

713, 714. Cones formed by unequal erosion of rhyolite-tuff in foothills of Pal- 
metto mountains, Nevada. 

771, 772. Niagara limestone, joint face exposed in quarrying southwest of Middle- 
port, New York. 

810. Decay of upper semi-crystalline beds of Trenton limestone above Trenton 

ng. falls, New York. 

913. Decomposed trap rock at Wadesborough, North Carolina. 

985-987. Trap boulders, French creek falls, Pennsylvania. 

91. Gneiss peak, Lower Bethel township, Delaware county, Pennsylvania. 

100. Field of gabbro boulders, southeastern Pennsylvania. 

1041. Concentric weathering in bank of Ohio river, Pennsylvania. 

1097-1098, 1107-1108. Granite needles near Harney peak, South Dakota. 
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. Beecher rocks, erosion in pegmatite, south of Custer, South Dakota. 
Jurassic sandstone on Red beds, near Hot Springs, Black hills, South Dakota, 


1138. Decomposition of tuff and stalagmites, Pilot Knob series, Texas. 
1139. Bored limestone above tufa, Pilot Knob series, Texas. 
1144. Rain erosion, Travis Peak series, Texas. 
1208. Fields of residual clay near Natural bridge, Virginia. 
1269, 1270. Cliffs near Bald mountain, Big Horn mountains, Wyoming. ; PI 
Winp Erosion 
(See also Bad Lands, Weathering, and Castellated Topography ) ) 
226. Rhyolite, Mono valley, California. , 
700. Gering formation, Banner county, Nebraska. : 
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Session oF DecemBerR 31 


The Fourteenth Winter Meeting of the Society was called to order at 
10.15 o’clock a.m. by First Vice-President N. H. Winchell, President 
Walcott having been detained on account of delay in arrival of railroad 
trains, in the geological lecture room, Sibley hall, University of Roches- 
ter, where all the sessions were held, except that of Tuesday evening. 
In anticipation of the arrival of the President, the customary formal- 
ities of welcome to the Society were deferred to a later hour (see page 
517). 


Announcements were made regarding certain details of the meeting, 
and of the dinner; also of an invitation from Ward’s Natural Science 
establishment. 


The report of the Council, including reports of the officers, was sub- 
mitted by the Secretary, in print, without reading, as follows: 


REPORT OF THE COUNCIL 


To the Geological Society of America, 
in Fourteenth Annual Meeting Assembled : 


The Council has held its stated meetings during the past year in con- 
junction with the meetings of the Society, at Albany and Denver. The 
affairs of the Society continue in their normal state of prosperity, and 
outside of the matters covered by the reports of the Officers, which are 
included herein, there is little requiring special mention. The matter of 
investment of funds authorized by the Council is d@eribed in the Treas- 
urer’s report. The subject of Summer Meetings is discussed in the Secre- 
tary’s report and the suggestions are approved. The legislation relating 
to the Cordilleran Section has been completed and is here placed on 
record as follows: 


CorDILLERAN SECTION 


At Washington, December 28, 1899, the Society, upon petition from 
Fellows residing on the Pacific coast and accompanied by recommenda- 
tion of the Council, authorized the formation of a Cordilleran Section, 
and empowered the Council to make rules for the government of the 
Section. Thus far the matter is on record in the Bulletin, volume 11, 
page 587. 
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In pursuance of its duty the Council, on December 29, 1899, appointed 
a committee to formulate rules for the guidance of the Cordilleran See- 
tion and to report to the Council. This committee was named as follows: 
Messrs Bailey Willis, J. J. Stevenson, J. C. Branner, W. M. Davis, and 
the Secretary. It was impracticable for the committee to meet and the 
work was done by correspondence, Mr Bailey Willis acting as Chairman, 
A unanimous report was submitted in May and was adopted by the 
Council at Denver, August 26,1901. Following are the rules as adopted : 


oF THE CoRDILLERAN SECTION 
(Adopted by the Council August 26, 1901) 


1. Officers.—The officers of the Cordilleran Section shall be a Chairman and a 
Secretary. The latter shall also perform the duties of an accounting officer with 
reference to the expenses of meetings. 

The officers of the Section shall be resident within the geographical limits of the 
Section. A President or Vice-President of the Society shall be, ex officio, Chair- 
man of the Section whenever present at a meeting. 

2. Geographical limits.—For purposes of scientific fellowship and discussion the 
limits of the Section shall correspond with the limits of the general Society, and 
the meetings of the Seciion shall be open to all Fellows of the Society for presenta- 
tion of papers, either in person or by proxy. For purposes of administration the 
membership of the Section shall be limited to those Fellows residing west of the 
104th meridian. 

3. Membership.—No person not a member of the Society may become a member 
of the Section. Members may invite contributions to the discussions at their 
meetings under the same rules as those applied to meetings of the Society. 

4. Date of meetings.—The meetings of the Section may be held at any time, sub- 
ject to approval by the Council of the Society (article 4 of Constitution). All 
notices and programs of meetings shall be sent to all Fellows of the Society. 

5. Expenses.—The expenses of the Section, so far as they shall be paid from the 
general fund of the Society, shall be limited to the ordinary economical expenses 
of the meetings. 

6. Publications. —Alf papers presented to the Section shall be available for pub- 
lication in the Bulletin of the Geological Society of America under the rules gov- 
erning publication by the Society. 


Professor A. C. Lawson, a member of the Council and Secretary of the 
Cordilleran Section, stated that the Section desired to hold annual meet- 
ings in December, and the Council gave approval by formal vote. 


Secrerary’s Reporr 


To the Council of the Geological Society of America : 

Meetings.—The records of the Thirteenth Annual Meeting, held in 
Albany, December, 1900, and the Thirteenth Summer Meeting, Den- 
ver, August, 1901, are printed in the Bulletin. According to custom, 
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the Summer Meeting occupied one day of the time of Section E, Ameri- 
can Association for the Advancement of Science. 

Excursions.—Attention is again called to the subject of excursions and 
field study by Professor Van Hise in his account of the Colorado excur- 
sion (Bull., vol. 13, proceedings of Denver meeting).. There can be no 
doubt of the value of well-planned excursions. They might entirely 
replace the summer meetings. Indeed, if the American Association 
should change the time of its meetings to the winter, the summer meet- 
ings of our Society, which have always been small, should be changed 
to excursions or field meetings. 

In the present good condition of the finances the Society can afford 
to encourage excursions by paying moderate expenses of conductors 
and for printing of circulars and programs. The Council might invite 
the Fellows of the Society to submit schemes for excursions in their 
special fields. From these plans the Council could from year to year 
sanction those which seemed most desirable. Various reasons would 
enter into the matter of choice, which might involve the sequence or 
succession from year to year. Some of the excursions might be open to 
teachers and students of geology and physiography, while others should 
be restricted to the Fellows of the Society. 

Membership.—Since the last report 5 Fellows have died—Edward W. 
Claypole, George M. Dawson, R. D. Lacoe, Joseph Le Conte, Theo. G. 
White. The 8 candidates elected at the summer meeting all qualified. 
Three names have been erased from the list for non-payment of dues 
and three by resignation,* making the present enrollment 245. Five 
Fellows are delinquent for two years. Three nominations are before 
the Society and several are before the Council. 

Distribution of Bulletin.—Since the last report the closing brochures of 
volume 11 and the complete copies of the volume have been distributed. 
The brochures of volume 12 have also been sent, and before this report 
is read it is expected that volume 12 will have been entirely distributed, 
with probably the first brochures of volume 13. 

During the year 1901 the irregular distribution of the Bulletin has 
been as follows: Complete volumes sold to Fellows, 21; to the public, 
26. Three copies of volume 11 have been sent to Fellows on payment 
of back dues, 2 copies have been donated, and 3 have been bound for 
office use. Of brochures, 91 have been sent to fill deficiencies, 18 have 
been sold to Fellows, and 13 to the public; 6 have been donated. The 
sales appear in the table of Bulletin receipts later in this report. 

Up to this time the Secretary has honored claims for deficiencies even 
in the early volumes. This practice should be discontinued, and the 


* By oversight the names of the three Fellows resigned were not omitted from the last printed 
list (Bull., vol, 12, pp. 514-522), 
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Council should fix a time limit, beyond which claims for non-receipt of 
brochures will not be recognized. 

Bulletin sales.—The following table shows the income from sale of the 
Bulletin during the official year: 


Receipts from Sale of Bulletin, December 1, 1900, to December 1, 1901 


Complete volumes. Brochures. 
Grand 
total. 

Public. | Fellows.| Total. || Public. | Fellows.| Total. 

$13 50 | $13 50 $2 $2 20 $15 70 
13 50 13 50 $3 60 2 10 5 70 19 2 
8 00 8 00 25 10 +5) 8 35 
Volume 5.. . $5 00 8 00 13 00 | 10) 1310 
Volume 6 . 5 00 4 00 9 00 
4 00 4 00 60 70 1 30 5 30 
Volume 9 .. 10 00 400} 1400 3 10 60} 370) 177 
Volume 10.... 35 00 4 00 39 00 2 50 30 2 80 41 80 
Volume ll ....| 300 00 13 50] 313 50]... .. 1 00 1 00 314 50 
Volume 12... 215 00 1 40 216 40 
$590 00 $83 5 $673 50 || $11 55 $7 00 | $18 55 || $692 05 
$702 50 | $83 50 | $786 00 | $11 55 $7 00 | $18 55 || $804 55 

Previous receipts, to November 30, 1900................-- 5,240 01 

Total Bulletin sales to date $6,301 81 


The large item for “ uncollected ” in the above table is due to the fact 
that bills have recently been sent in advance for the complete copies of 
volume 12 to subscribers. 

Exchanges.—By a vote of the Council at the Albany Meeting three 
addresses were added to the list of exchanges: Danmarks Geologiske 
Undersogelse, Copenhagen ; Instituto Geologico de Mexico; Carte Geo- 
logique du France, Paris. The Exchange list now includes 87 addresses. 

Expenses.—The following table shows the cost of administration from 
the Secretary’s office for the past official year; 
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EXPENDITURE OF SECRETARY'S OFFICE FOR THE FISCAL YEAR ENDING as 30, 


1901. 
Account of Administration 

Mestings (not included in printing) ........ 32 65 

Account of Bulletin 

Expressage and freight............ 79 10 


Respectfully submitted. 
H. L. Farrcuivp, 
Rocuester, N. Y., December 20, 1901. Secretary. 


Treasurer’s Report 


T the Council of the Geological Society of America: 


In submitting the annual financial statement the Treasurer herewith 
adds a few items of general interest. 

During the year 3 Fellows have been dropped from the roll for non- 
payment of dues, 5 are delinquent for two years, 25 have not yet paid 
for the present year, while 7—W.S. Bayley, J. E. Spurr, H. B. Kummel, 
W. J. Sutton, A. N. Winchell, H.S. Washington, and F. C. Schrader— 
have commuted for life, thus increasing to 53 the number of Fellows 
who have placed their membership beyond any future contingency. 

The 5 per cent bonds of the Cosmos Club of Washington, D. C., which 
the Society held to the amount of $1,700, were redeemed during the 
year and our permanent investment decreased to that extent. Under 
authority of the Council the President and Treasurer invested $1,000 in 
the stock of the lowa Apartment House Company of Washington, D.C., 
which is confidently expected to yield a minimum return of 6 per cent, 
or about double the rate of interest now possible to realize from the pur- 
chase of any first-class bonds. The Treasurer would advise additional 
investments in the stock of this company if it can be obtained, since its 
management is both safe and conservative, and property of this kind 
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(apartment houses) in a city like Washington is sure to enhance in value, 
thus yielding an increasing rate of interest instead of a diminishing one. 

In consequence of this Cosmos Club bond redemption the invested 
fund has decreased $700 since the last statement and now amounts to 
only $4,300, which sum represents 43 life commutation fees. This leaves 
10 life commutations, or $1,000, immediately available from the treasury 
for permanent investment in the publication fund, according to the Con- 
stitution. 

The Society continues to realize 4 per cent on monthly balances from 
the Security Trust Company of Rochester, New York, where all surplus 
moneys are kept, the receipts from this source during the year having 
amounted to $100.61, and the “‘ interest” items from all sources foot up 
$383.24, a very snug sum considering the general reduction of interest 
rates that has taken place in recent years on all classes of good secur- 
ities. 

In spite of the extra expenditure of $501.75 for printing the special 
index of the first 10 volumes, the total balance for the year is $3,600.32, 
from which, after deducting the $1,000 previously referred to as belong- 
ing to the life commutation or publication fund, we have left $2,600.32 
available for general purposes. The Treasurer would suggest that at 
least $1,000 of this, making $2,000 in all, be invested on account of the 
publication fund, thus increasing it to $6,300, and providing for the ad- 
ditional life commutation fees that are soon sure to be paid by the wise 
forethought of both new and old Fellows. 

The detailed financial statement for the year with all known bills 
settled to December Ist, including the entire cost of volume 12, is on 
the preceding page. 

Respectfully submitted. 

I. C. Warrr, 

MorGantown, West Va., December 20, 1901. Treasurer. 


Epriror’s Report 


To the Council of the Geological Society of America: 

Volume 12 was completed November 27, 1901, by the issuing on that 
date of the proceedings brochure of the Albany meeting. It forms a 
book of 538 pages, with xii pages of preliminary matter, and is illus- 
trated with 45 half-tone plates and 28 line cuts. It is slightly below the 
average of the first ten volumes in pages, but is nearly double in 
plate illustrations. This reflects the Society’s generous policy in this 
direction and indicates the appreciation by the members of the facilities 
afforded. While the number of plates in volume 12 are less than those 
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in volume 11, they cost more, owing to the necessary employment of 
lithography. 

Reference to the table below will show that in cost volume 12 com- 
pares favorably with the average volume, but is a trifle more than 
volume 11 in cost per page, being more than one hundred pages smaller 
and with increased cost of illustrations. 


| Average. 
1-10. | Vol. 11, Vol. 12. 


pp. 544. pp. 651. pp. 538. 


pis. 26. pls. 58. pls. 45. 
290 40 373 68 414 80 


$1,755 54 | $2,189 24 $1,860 53 


AVOTAG!S POF PARE $3 23 $3 36 $3 45 


Exact classification of subject-matter has not been attempted, but the 
following comparative table presents a reasonably correct analysis of the 
contents of volumes 7 to 12, inclusive: 

Vol.7. Vol.8 Vol. 9. “Vol. 10. ‘Vol. 11. Vol, 


Divisions. Pages. Pages. Pages. Pages. Pages. Pages. 

Dynamic geology.... ............- 3 24 85 24 110 23 
Economic geology...............++ 4 14 16 28 7 5 
105 98 138 96 21 
Memoirs of deceased members... . . 28 8 12 27 60 2 
128 58 64 68 188 5 
40 3 44 59 54 24 
Physiographic geology............. 3 5 ave 37 10 53 
Relation of geology to pedagogy.... 12 és 
Rock decomposition. .............. 74 26 17 9 16 
Stratigraphic geology... ......... 21 67 28 62 31 98 


The “ Index to Volumes 1 to 10” was issued on December 31, 1900, 
at a cost of $501.75. It makes a volume of 209 pages, and is uniform 
in every respect with the other brochures of the Society. It is chiefly 
a compilation of the indexes to the individual volumes, but many new 
titles have been added. The work of combining and adjusting the ten 
indexes and preparing new material was done almost entirely by Mr 
and Mrs George Wood, who are experts in indexing through long 
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experience in the U. S. Geological Survey. To them is due in largest 


. measure the credit for whatever merit the index possesses. 


The present Editor is responsible for indexing seven of the ten vol- 
umes, but the first three of the series were indexed by Mr W J McGee, 
whose excellent standard was followed both in the individual volumes 
and in making the compilation. 

All the material handed the Editor for publication in volume 13 is 
in the printer’s hands and proof is being read. It will probably make 
some 75 pages. 

Members are earnestly urged to send the manuscripts read or presented 
at the winter meeting as speedily as possible after its sessions are ended. 
The chief source of delay in closing the volume at the end of the year 
is inability to get the proof quickly to and from members scattered 
in their various summer and autumn fields of work. 

Respectfully submitted. 

JosEPH STANLEY- Brown, 

Wasuinaron, D. C., December 14, 1901. Editor. 


LispRARIAN’S REPORT 


To the Council of the Geological Society of America: 

The list of accessions to the Library up to June, 1901, was compiled 
and forwarded in June and appears in the final brochure of volume 12 
of the Bulletin, pages 503-512. 

At the present writing the library comprises over 2000 numbers. Of 
these. some 500 represent pamphlets and other scattering material, while 
the remainder is nearly all received from our exchanges, now numbering 
87, and consists either of serial publications or official reports. The 
majority of these come serially and unbound, and are bound at the ex- 
pense of the Case Library. One hundred and fifty volumes have been 
bound during the year ending in June, and 160 more are now at the 
bindery. Three years ago the binding was sadly in arrears, but this has 
been made up, and in future merely the annual increase, from 75 to 100 
volumes, will require binding. 

At this writing the Case Library is moving from its old quarters to 
new ones. These latter are rented and comprise the entire eighth floor 
of a new and modern fireproof building. The library will be better 
and more spaciously housed than formerly, and will in its new quarters 
hardly require the carrying of any fire insurance. 

There has not been a single call for books during the year from mem- 
bers of the Society not residing in Cleveland ; yet it would seem that 
there should certainly be a use for the library on the part of the mem- 
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bers who live away from the large centers, with their great libraries, as 
a considerable number do. The yearly published lists of accessions 
show what societies are on the exchange list, and their publications for 
the past eleven years are on the library shelves and are subject to the 
call of any member of the Society, under the regulations laid down by 
the Council. With our widely scattered membership, the library may 
not be of great value to the Society at large, but its use should not be 
limited to the members residing in Cleveland. 

The expenses of the Librarian’s office during the year ending Decem- 
ber 1, 1901, are as follows: 


Respectfully submitted. 
H. P. Cusine, 


CLEVELAND, On10, December 1, 1901. Librarian. 
On motion of the Secretary, it was voted to defer consideration of the 
Council report until the following day. 


As the Auditing Committee to examine the accounts of the Treasurer, 
the Society elected Richard E. Dodge and Edmund O. Hovey. 
ELECTION OF OFFICERS 


The result of the balloting for officers for 1902, as canvassed by the 
Council, was announced and the officers declared elected as follows : 


President : 
N. H. Minneapolis, Minn. 
First Vice-President: 
S. F. Emmons, Washington, D. C. 
Second Vice-President : 
J. C. Branner, Stanford University, Cal. 
Secretary : 


H. L. Farrcutnip, Rochester, N. Y. 
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Treasurer : 


I. C. Wuire, Morgantown, W. Va. 
Editor : 
J. SraNLey-Brown, Washington, D. C. 
Librarian : 
H. P. Cusutne, Cleveland, O. 
Councillors : 


». W. Hayes, Washington, D. C. 
J. P. Chicago, 


ELECTION OF FELLOWS 


The result of the balloting for Fellows, as canvassed by the Council, 
was announced, and the following persons were declared elected Fellows 
of the Society : 


Erutne Cow irs Case, A. B., A. M. (Kansas State University, 1893), M.S. (Cor- 
nell University, 1895), Ph. D. (University of Chicago, 1896). Instructor in 
State Normal School, Milwaukee, Wis. 

Arruur Gray Leonarp, A. B., A.M. (Oberlin), Ph. D. (Johns Hopkins Univer- 
sity), Des Moines, Iowa. Assistant State Geologist, lowa Geological Survey. 

Cuartes Hype Warren, Ph. B. (Yale, 1896), Ph. D. (Yale, 1899), Boston, Mass. 
Instructor in Geology, Massachusetts Institute of Technology. 


The following memorials of deceased Fellows were read : 
MEMOIR OF EDWARD WALLER CLAYPOLE* 


BY THEO, B. COMSTOCK 


Edward Waller Clay pole, born at Ross, Herefordshire, England, June 
1,1855; geologist of world-wide fame and teacher of geology of remark- 
able personality and effectiveness ; an original fellow of the Geological 
Society of America; member and ofttimes president of numerous other 
organizations for the promotion of research, needs no eulogium from one 
privileged to greet him as monitor, friend, and fellow-worker. The im- 
press of his severely conscientious labors, the importance of his contri- 
butions to geologic literature, his unswerving devotion in the cause of 
its propagation, have left indelible traces on the records of American 
geology for thirty years now past. Many of my readers are better fitted 


*The memoir was not read at the meeting, but is here inserted in its place, as on the printed 
program 
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to tell the story, but noye could attempt it with greater willingness or 
with more reason to perform the task as a token of esteem and affection. 

Doctor Claypole died at Long Beach, California, one of the coast re- 
sorts near Los Angeles, August 17,1901. He had moved to Pasadena, 
California, in 1898, on account of the impaired health of Mrs Claypole, 
and was there busily engaged as a professor in Throop Polytechnic In- 
stitute. Although an obscure, but serious and painful ailment, appar- 
ently affecting chiefly the left hand, had caused him to rest under physi- 
cian’s orders, only the most intimate friends had any fears of fatal results, 
and these were not anticipating an early termination of his life. The 
worst contemplation was the possibility of retirement from active pursuit 
of his regular routine. While rising from bed on the morning of August 
16, he suddenly became unconscious and remained thus until his death, 
at 11 p. m. of the 17th. The immediate cause was cerebral hemorrbage. 
His devoted wife survived him but a few weeks, dying October 6, 1901, 
at Pasadena. The remains of both were cremated, in accordance with 
their own expressed wishes. 

The accompanying bibliography affords convincing evidence of the 
breadth of mental grasp of this man and his inability to overlook the 
simplest fact presented to him in contemplation of nature. But we must 
here confine our attention strictly to the geologic work on which his 
record was largely made. Contemporary estimates are not always reli- 
able in such cases, but there will be no question of the importance of 
Doctor Clay pole’s investigations and their bearing upon the progress of 
this science during the last quarter of the nineteenth century. His 
papers were models of simple, straightforward expression, and stand as 
a marked example of what should be sought in scientific publications. 
He attracted attention not by his controversial literature, although few 
were better equipped than he for that class of work, but his papers nearly 
always provided the last word in argument, because he never came be- 
fore the public until all his material had been thoroughly threshed and 
freed from chaff. It is this characteristic of careful pruning and rigid 
self-restraint which makes his writings of permanent worth. One may 
take at random from the list any title whatever, and if the date of its 
publication be noted carefully, investigation will demonstrate that it 
appeared many months, usually several years, after his work upon the 
subject began. Many able geologists are best known to their contempo- 
raries by their environment at the time of their published work. It was 
not thus with Claypole. His periods of residence in given localities were 
collective, formative epochs, in which he gathered facts laboriously and 
digested them well; but he announced the results usually long after- 
ward and frequently after removal from the scene of his studies. 
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To him the universe presented positive evidence of “the constancy 
and inevitability of natural law—its unswerving constancy, its inevi- 
table certainty”—and the object of his investigations was never restricted 
to a narrow field, but he modestly and patiently toiled to seek and 
record truth in whatever aspect it came before him. Hence his 
record, partly also from the enforced conditions of his profession of 
teacher, was not limited to one particular line of investigation, even 
within the bounds of geology. 

He began with the study of broad problems of areal physical geology, 
along lines and in fields made classic by his inspirer, the great Lyell. 
His first known publications dealt with evidences of land “Subsidence 
in the southwest counties of England during the present period.” These 
ought to be read by every young student, as texts to go along with their 
Lyell and Geikie, Dana and Le Conte. These papers, and one on the 
Carboniferous system in a part of Midlothian, are a foretaste of what 
might have been his career had not misfortune, in the guise of urgent 
need and cruel persecution, sent him to America in 1872. 

Naturally, at that period, his attention was forcibly drawn to studies 
of glacial phenomena, and his contributions to this department were 
material and frequent for many years. Upon cognate subjects, his only 
really controversial work was done. It would have been impossible 
then to contribute anything novel to the discussion without drawing fire 
from one or other quarter, and his views were not always greedily ac- 
cepted by the contending factions. Even now it may be early to seek a 
final verdict, for too many able contestants survive and make valued 
additions to our knowledge of this great subject; but none will dispute 
the vigor of Claypole’s logic, the earnestness of his purpose, or the worth 
of his contributions. His name would live for these alone, albeit they 
are but fragments of his vital productions. 

With fuller recognition and better opportunities for him at this junc- 
ture, undoubtedly American glacial literature would have been enriched 
beyond its actual marvelous development; for there is a ring of zeal and 
acumen in certain of his papers which carry weight and hint of no ordi- 
nary power of observation and ratiocination. Geology has lost in this 
direction by its gain in other fields into which circumstances turned his 
energies. 

Fugitive papers (1877-79) on migration of plants and animals probably 
grew out of his studies of the Drift. They are strikingly valuable and 
deserve wider circulation than was given them. 

Upon the Second Geological Survey of Pennsylvania, under Lesley, 
Doctor Claypole touched familiar ground in that hazy stratigraphic zone 
extending from Silurian to Carboniferous, which has puzzled and non- 
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plussed more geologists than any other section. The publication of 
reports, as then customary, by volumes covering political areas, has 
partly obscured the glory of Claypole’s work, although Doctor Lesley 
frankly credited him with it in his introductory remarks. 

The significance of these determinations, as measured by the work in- 
volved, may lose force in distant perspective, but his fellow-workers can 
understand what it meant in those days to get the facts, and some can 
rightly estimate the value of the deductions and their intimate bearing 
upon their own labors in related fields. It was by these discoveries that 
a notable controversy was afterward settled and the valued work of a 
living authority rendered possible and invaluable. The results, epito- 
mized, of Claypole’s work in Perry county, Pennsylvania, were : 

1. The identifying of No. V (First Geological Survey of Pennsylvania) 
as Clinton and Onondaga. 

2. Demonstration of the absence of hitherto assigned Niagara and 
Corniferous. 

3. Allotment of previously assigned Corniferous to Marcellus. 

4. Definition of Upper Hamilton, Genesee, and Portage. 

5. Discovery of Chemung and Catskill fauna extending high up into 
so-called Catskill. 

6. Tracing of Kingsmill sandstone in all Catskill outcrops. 

The finding of fish remains in Silurian rocks was an epoch-making 
discovery in itself, but the presentation of the facts and the detailed and 
painstaking studies given the fragments by Doctor Claypole were far 
more worthy of commendation. He continued to develop the subject 
long after retiring from the survey, and these contributions are among 
his best. The drawings were made by himself, and most of them are 
remarkable for their accuracy and clearness. Later, in Ohio, he bestowed 
much attention upon the Placoderms of the Devonian, publishing many 
papers on the anatomy of Cladodonts and their stratigraphic range. 

In later years he wrote more of philosophic character, for which his 
long life of preparation and rumination had thoroughly equipped him. 
His paleontologic studies continued, and he won the Walker Prize as 
late as 1895, for his essay on “ Devonian formation of the Ohio basin,” 
an admirable review which, unfortunately, has never been published. 
He also continued his glacial studies when so placed as to have mate- 
rial at hand, and he was still hard at work garnering new facts from 
the Sierras of California when the end came. Shortly before his death 
he read a valuable paper bearing upon these researches before the Cor- 
dilleran Section of the Geological Society of America, 

‘lo those privileged to know him well, Doctor Claypole was the em- 
bodiment of simple, faithful, modest worth, exerting an influence, like 
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all pure things, as if unconscious of any merit, yet impressing all with 
a sense of honor, strength and energy, and leading to nobler efforts by 
his example. His one aim, ambition and the fruition thereof, were 
always truth at any cost. This spirit breathes and lives in his written 
works. They are commended to all young students of nature. 


CHRONOLOGY 


1835. Born at Ross, Herefordshire, England, June 1. 

1852. Began teaching at Abingdon, Berkshire, England. 

1854. Matriculated at the University of London. 

1862. Received the degree B. A. from the University of London. 

1864. Received the degree B. Sc. from the University of London. 

1865. Married Jane Trotter, of Coleford, Gloucestershire, England. 

1866. Appointed tutor in classics and mathematics at Stokescroft College, Bristol, 
England. 

1872. Resigned position in Bristol ; came to America after death of his wife. 

1878. Appointed professor of natural history at Antioch College, Yellow Springs, 
Ohio. 

1879. Married Katharine Benedicta Trotter, cousin of his first wife. 

1881. Left Antioch ; appointed on staff of Second Geological Survey of Pennsyl- 
vania. 

1883. Appointed professor of natural science in Buchtel College, Akron, Ohio. 

1888. Received the degree D. Sc. from the University of London. Became one of 
the founders and editors of the American Geologist. 

1898. Appointed professor of geology and biology at Throop Polytechnic Institute, 
Pasadena, California. 

1901. Died at Long Beach, California, August 17. 


BIBLIOGRAPHY 


On some evidence in favor of subsidence in the southwest counties of England 
during the Recent period. [Abstract.] Proc. Bristol Nat. Soc., vol. v, part I, 
1870, pp. 34-36. (Read January 12, 1870.) 

On the development of the Carboniferous system in the neighborhood of Edin- 
burgh. Proc. Bristol Nat. Soc., vol. vi, part I, 1871, pp. 21-28. (Read Janu- 
ary 10, 1871.) 

On some gravels in the valley of the Thames in Berkshire. Proc. Brisiol Nat. Soc., 
vol. vi, part I, 1871, pp. 28-33. (Read March 7, 1871.) 

On the subsidence which has occurred in the southwestern counties of England 
during the Recent period. Second paper (read at sectional meeting, January 
12, 1872). Proc. Bristol Nat. Soc., vol. vii, part I, pp. 14-20. Third paper on 
the same subject (read at annual meeting, May 2, 1872), Proc. Bristol Nat. Soc., 
vol. vii, part I, 1872, pp. 11-14. 

[A letter from Boston, U.S.] [Abstract.] Proc. Bristol Nat. Soc., vol. vii, part IT, 
1872, pp. 34-36. 

Present state of the Glacial controversy. Cincinnati Quart. Jour. Sci., vol. ii, 1875. 

Note on the manufacture of stone axes. Cincinnati Quart. Jour. Sci., vol. ii, 1875, 
pp. 344-347. 
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On the pre Glacial geography of the region of the Great Lakes. Canadian Nat., 
vol. viii, new series, 1878, pp. 187-206. Read to the Cincinnati Nat. Hist. Soc., 
January, 1875. 

On the occurrence of a tree-like fossil plant, Glyptodendron, in the Upper Silurian 
(Clinton) rocks of Ohio. Am. Jour. Sci., 3d series, vol xv, 1878, pp. 302-304, 

On the occurrence of a fossil tree (Glyptodendron) in the Clinton limestone (base 
of Upper Silurian) of Ohio, U.S. A. Geol. Mag., London, vol. v, new series, 
1878, pp. 556-564, 

Migration of animals from America to Europe and vice versa. Report of Montreal 
Horticultural Society, 1878. . Pharmaceut. Jour., vol. xi, 1881, pp. 576-578, 
597-598, 614-616, 698-700. 

Migration of European animals to America and American to Europe. Montreal 
Horticultural Society, 1879. Pharmaceut. Jour., vol. xi, 1881, pp. 576-578, 
597-598, 614-616, 698-700. 

Migration of plants from Europe to America, with an attempt to explain certain 
phenomena connected therewith. Pharmaceut. Jour., vol. x, 1880, pp. 404-407, 
464-468. 

Pre-Glacial formation of the beds of the great American lakes. Canadian Nat., 
new series, vol. ix, 1881, pp.-213-227. 

Evidence from the drift of Ohio, Indiana, and Illinois in support of the pre-Glacial 
origin of the basins of lakes Erie and Ontario. Proc. Am. Assoc. Adv. Sci., vol, 
xxx, 1881, pp. 147-159. 

On the occurrence of an Archimediform Fenestellid in the Upper Silurian rocks of 
Ohio. [Abstract.] Proc. Am. Assoc. Adv. Sci., vol. xxx, 1881, p. 191. 

Notes on the fauna of the Catskill red sandstone (title only). Proc. Am. Assoc. Adv. 
Sci., vol. xxxi, 1882, p. 420. 

Note on the occurrence of traces of a northern flora in southwestern Ohio (title 
only). Proc. Am. Assoc. Adv. Sci., vol. xxxi, 1882, p. 494. 

Note on the occurrence of traces of a northern flora. Note on the sterility of the 

Janadian thistle at Yellow Springs, Ohio. Insects versus flowers in the matter 
of fertilization. Proc. Am. Assoc. Adv. Sci., vol. xxxi, 1882, p. 495. Titles 
only. 

On a larva boring the leaf stalks of the buckeye (A¢sculus glabra) in Ohio. Psyche, 
vol. iii, 1882, pp. 364-367. 

Note on the occurrence of Holoptychius, about 500 feet below the recognized top 
of the Chemung group in Bradford county [Pennsylvania]. Proc. Am. Phil. 
Soc., vol. xx, 1883, p. 531. 

On the Hamilton sandstone of middle Pennsylvania. [Abstract.] Proc. Am. Assoc. 

Adv. Sci., vol. xxxii, 1883, pp. 244-246. 

On a large crustacean from the Catskill group of Pennsylvania. Proc. Am. Assoc. 
Adv. Sci., vol. xxxii, 1883, p. 265. 

Rensselieria from the Hamilton group of Pennsylvania. [Abstract.] Proc. Am. 
Assoc. Adv. Sci., vol. xx xii, 1883, p. 266. 

Helicopora, a new spiral genus (with three species) of North American Fenestel- 
lids. Quart. Jour. Geol. Soc. London, vol. xxxix, 1883, pp. 30-38, pl. 1. 

Note on a large fish plate from the Upper Chemung (?) beds of northern Pennsyl- 
vania, Pterichthys ? rugosus, n. sp. Proc. Am. Phil. Soc., vol. xx, 1882-1883, pp. 
664-666. 
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On the Kingsmill white sandstone. Proc. Am. Phil. Soc., vol. xx, 1883, pp. 666- 
673. 1883. Discussed by J. P. Lesley, pp. 673-675. 

On an error in identifying two distinct beds of iron ore in Report G of the geolog- 
ical survey of Bradford county, Pennsylvania. Proc. Am. Phil. Soc., vol. xx, 
1883, pp. 529-530. 

On a mass of Catskill rocks supposed to exist on the north bank of Towanda creek, 
near Franklin. Proc. Am. Phil. Soc., vol. xx, 1883, pp. 531-533. 

On two small patches of Catskill represented near Le Roy on the mapin Report G 
in the second geological survey of Pennsylvania. Proc. Am. Phil. Soc., vol. xx, 
1883, pp. 533-534. 

On the equivalent of the Schoharie grit of New York in middle Pennsylvania. 
Proc. Am. Phil. Soc., vol. xx, 1883, pp. 534-536. 

On the occurrence of fossiliferous strata in the lower Ponent (Catskill) group of 
middle Pennsylvania. Am. Nat., vol. xvii, 1883, pp. 274-282. 

On Ctenacanthus and Gyracanthus from the Chemung of Pennsylvania. Proc. Am. 
Assoc. Adv. Sci., vol. xxxiii, 1884, p. 489. 

On the occurrence of the genus Dalmanites in the Lower Carboniferous rocks of 
Ohio. Geological Mag., dee. iii, new series, vol. i, 1884, pp. 303-307. 

On some remains of fish from the Upper Silurian rocks of Pennsylvania. Geologi- 
cal Mag., dec. iii, new series, vol. i, 1884, p. 519. 

The Niagara group of New York absent from Perry county, Pennsylvania. Proc, 
Am. Phil. Soc., vol. xxi, 1884, pp. 500-502. 

The Onondaga salt group, or gypseous group of New York, in Perry county, Penn- 
sylvania. Proc. Am. Phil. Soc., vol. xxi, 1884, pp. 497-499. 

On the Clinton and other shales, etc., composing the fifth group of Rogers in the 
first survey of Pennsylvania. Proc. Am. Phil. Soc., vol. xxi, 1884, pp. 492-496. 

Notes on the genus Rensseleria in the Hamilton group in Perry county, [Penn- 
sylvania]. Proc. Am. Phil. Soc., vol. xxi, 1884, pp. 235-236. 

On the equivalent of the New York Portage in Perry county, middle Pennsyl- 
vania. Proc. Am. Phil. Soc., vol. xxi, 1884, pp. 230-235. 

The Perry County fault. Note on an important correction in the geological map 
of Pennsylvania. Proc. Am. Phil. Soc., vol. xxi, 1884, pp. 218-225. 

On the Hamilton sandstone of middle Pennsylvania. [Abstract.] Proc. Am. 
Assoc., vol. xxxii, pp. 244-246, 1884. 

On the crumpling of the earth’s crust as shown by a section across Huntingdon, 
Juniata, and Perry counties, Pennsylvania. Read to American Association 
for the Advancement of Science, 1884. Science, vol. iv, 1884, p. 258. 

Note on a relic of the native flora of Pennsylvania surviving in Perry county. 
Proc. Am. Phil. Soc., vol. xxi, 1884, pp. 226-230. 

Preliminary notes on some fossil fishes recently discovered in the Silurian rocks of 
North America. Am. Nat., vol. xviii, 1884, pp. 1222-1226. 

Pennsylvania before and after the elevation of the Appalachian mountains, a study 
in dynamical geology. Am. Nat., vol. xix, 1885, pp. 257-268 ; Geol. Mag., dec. 
111, new series, vol. i, 1884, p. 434. 

Perry county. Second Geological Suryey of Pennsylvania, Report F 2; a prelim- 
inary report on the paleontology of Perry county, by E. W. Claypole, pp. 
1-437, map. Harrisburg, 1885. 

On some fish remains recently discovered in the Silurian rocks of Pennsylvania. 
[Abstract.] Proc. Am. Assoc., Adv. Sci., vol. xxxviii, 1885, pp. 424-428. 
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On the vertical range of certain fossil species in Pennsylvania and New York. 
Am. Nat., vol. xix, 1885, pp. 644-654. 

On the recent discovery of pteraspidian fish in the Upper Silurian rocks of North 
America. Quart. Jour. Geol. Soc., vol. xli, 1885, pp. 48-64. 

Pennsylvania before and after the elevation of the Appalachian mountains.  Brit- 
ish Association report of fifty-fourth meeting, 1885, p. 718. 

On the materials of the Appalachians. Read to American Association for the Ad- 
vancement of Science, 1885. Abstracts, Am. Jour. Sci., third series, vol. xxx, 
1885, p. 316; Science, vol. vi, 1885, p. 221. 

On Pteraspidian fish of Upper Silurian of North America. Geol. Mag., new series, 
dec. iii, vol. ii, 1885, p. 89. 

Buffalo and Chicago, or ‘‘ What might have been.’’ Am. Nat., vol. xx, 1886, pp. 
856-862. [Abstract.] Proc. Am. Assoc., vol. xxxv, 1886, p. 224 (3 p.). 

Report on some fossils from Lower Coal Measures near Wilkesbarre, Luzerne 
county, Pennsylvania. Wyoming Hist. and Geol. Soc., vol. ii, 1885-1886, pp. 
239-253. 

The old gorge at Niagara. Science, vol. viii, 1886, p. 236 (# p.). 

The deep well at Akron, Ohio. [Abstract.] Proc. Am. Assoc. Adv. Sci., vol. xxxv, 
1886, p. 228. 

Report on some fossils from the Lower Coal Measures near Wilkesbarre, Luzerne 
county, Pennsylvania. Proc. and Coll. Wyoming Hist. and Geol. Soc., vol. ii, 
1886, pp. 259-253. 

Preliminary note on some fossil wood from the Carboniferous rocks of Ohio. Proe. 
Am. Assoc. Adv. Sci., vol. xxxv, 1886, pp. 219-220. 

The Lake age in Ohio, or some episodes in the retreat of the North American glacier. 
Trans. Edinburgh Geol. Soe., vol. v, 1887, pp. 421-458, plates. Abstracts, Am. 
Nat., vol. xxii, 1887, p. 152; Am. Geol., vol. i, 1887, pp. 63, 64; Popular Sci. 
Monthly, vol. xxxiii, 1888, pp. 428, 429. 

The materials of the Appalachians. Am. Nat., vol. xxi, 1887, pp. 955-962, 1054- 
1060. 

What is it? Proc. Am. Assoc. Adv, Sci., vol. xxxvi, 1887, p. 312. 

‘‘ Lake Cuyahoga:’’ astudy in glacial geology. [Abstract.] Proc. Am. Assoc. Ade. 
Sci., vol. xxxvi, 1887, p. 218. 

Suggestions to teachers on collecting and preserving insects. Report Entomolog. 
Soc. of Ontario, 1887. 

Organie variation indefinite not definite in direction—an outcome of environment. 
Proce, Am, Phil. Soc., vol. xxiv, 1887, pp. 113-135. 

Paradise found. Universalist Quarterly Review, 1887. 

The new thirty years’ war (geology and theology). Universalist Quarterly Review, 
July, 1888. 

The four great sandstones of Pennsylvania. [Abstract.] Proc. Am. Assoc. Adv. 
Sci., vol. xxxvii, 1888, p. 227, (4 p.). 

Singular subterranean commotion near Akron, Ohio. Am. Geol., vol. i, 1888, pp. 
190-192. 

Earthquake tremors at Charleston. Am. Geol., vol. ii, 1888, p. 135. 

Dr Clark’s collection of fish remains at Berea, Ohio. Am. Geol., vol. ii, 1888, pp. 
62-64. 

Darwin and geology. Am. Geol., vol.-i, 1888, pp. 152-162. 211-221. 

Future of natural gas. Am. Geol., vol, i, I888, pp. 31-36. 
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The eccentricity theory of glacial cold versus the facts. Trans. Edinburgh Geol. Soc., 
vol. v, 1888, pp. 534-548. 

Glaciers and glacial radiants in the Ice age. Am. Geol., vol. iii, 1889, pp. 73-94. 

The story of the Mississippi-Missouri. Am. Geol., vol. iii, 1889, pp. 361-377. 

Falls of rock at Niagara. Nature, vol. xxxix, 1889, page 367 (4 col.). 

On some investigations regarding the condition of the interior of the earth. Am. 
Geol., vol. i, 1888, pp. 382-386; vol. ii, pp. 28-35. [Abstract.] British Assoc., 
report of 48th meeting, 1889, pp. 669-670. 

Dictionary of fossils (contributions to, including many corrections). J. P. Lesley, 
Second Geol, Surv. Pennsylvania, PPPP, 1889. 

Illustration of the ‘level of no strain ” in the crust of the earth. Am. Geol., vol. v, 
1890, pp. 83-88. 

The reality of a level of no strain in the crust of the earth. [Abstract.] Proc. Am. 
Assoc. Adv. Sci., vol. Xxxix, 1890, p. 232 (4 p.). 

The making of Pennsyvania. Am. Geol., vol. v, 1890, pp. 225-234. 

Subsidence and deposition as cause and effect. Proc. Am. Assoc. Adv. Sci., vol. 
xxxix, 1890, p. 267. (Title only.) 

Preglacial drainage of Summit county, Ohio. Bull. Geol. Soc. Am., vol. iii, 1891, 
p. 504. (Title only.) 

Megalonyx in Holmes county, Ohio, 1890. Part2. Am. Geol., vol. vii, 1891, pp. 
149-153. ‘ 

Traces of the Ice age in the flora of the Cuyahoga valley, Ohio. Western Reserve 
Historical Society, Tract no. 84, 1891, pp. 366-379. 

An episode in the Paleozoic history of Pennsylvania. Am. Geol., vol. viii, 1891, 
pp. 152-159. 

On a deep boring in the Pleistocene near Akron, Ohio, and its significance. Am. 
Geol., vol. viii, 1891, p. 239 (} p.). Abstract of paper read to Geol. Soc. Am., 
1891. 

The a and deep seas. [Abstract.] Bull. Geol. Soc. Am., vol. viii, 1891, 
pp. 10-16. 

On a deep pre-Glacial river bed near Akron, Ohio. [Abstract.] Proc. Am. Assoc. 
Adv. Sci., vol. x1, 1891, p. 259. 

Anew gigantic placoderm from Ohio. Am. Geol., vol. x, 1892, pp. 1-4. 

A bed of peat in the London clay? Geol. Mag., new series, dec. iii, vol. ix, 1892, 
p. 524. 

The head of Dinichthys. Am. Geol., vol. x, 1892, pp. 199-207. 

The tin islands of the northwest. Am. Geol., vol. ix, 1892, pp. 228-236. 

On the structure of the American pteraspidian, Palzeaspis (Claypole), with remarks 
onthe family. Quar. Jour. Geol. Soc., vol. xlviii, 1892, pp. 542-561. 

Adeep boring in the Pleistocene near Akron, Ohio. Bull. Geol. Soc. Am., vol. iii, 
1892, pp. 150-151. 

Professor G. F. White and his critics. The Popular Science Monthly, April, 1893. 

An episode in the history of the Cuyahoga river. [Abstract] Proc. Am. Assoc. 
Adv. Sci., vol. xli, 1892, p. 176 (9 1.). 

Exhibition of a skull of a pig found in Ohio, having a flint arrow-head imbedded 
in the bone. Proc. Am. Assoc. Adv. Sci., vol. xli, 1892, p. 296. (Title only.) 

Major Powell on ‘‘Are there evidences of man in the glacial gravels?” Pop. Sci. 
Monthly, 1893, pp. 696-699. 
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The fossil sharks of Ohio. Proc. Am. Assoc. Adv. Sci., vol. xlii, 1893, p. 183. (Title 
only.) 

On the dentition of Titanicthys and its allies. Bull. Geol. Soc. Am., vol. iv, 1893, 
p. 3. (Title only.) 

The cladodont sharks of the Cleveland shale. Am. Geol., vol. xi, 1893, pp. 325-331. 
Abstract, Am. Nat., vol. xxvii, 1893, p. 1083 (4 p.). 

A new Coccostean—Coccosteus cuyahoge. Am. Geol., vol. xi, 1893, pp. 167-171. 

The three great fossil placoderms of Ohio. Am. Geol., vol. xii, 1893, pp. 89-99. 

On three new species of Dinichthys. Am. Geol., vol. xii, 1893, pp. 275-279. 

The Upper Devonian fishes of Ohio. Geol. Mag., dec. iii, vol. x, 1893, pp. 443-448. 

The fossil fishes of Ohio. Ohio Geol. Surv., vol. vii, 1893, pp. 602-619. 

Correlation of clastic rocks. Int. Cong. Geol. Compt Rendu, 5th Session, pp. 166, 167 
(7 1.), 1893. 

Preglacial man not improbable. Am. Geol., vol. xi, 1893, pp. 191-194. 

An examination of Cotyptodendron claypoli, ete. Am: Geol., vol. xi, 1893. 

A new species of Dinichthys. Bull. Geol. Soc. Am., vol. 5, 1893, p. 7. (Title only.) 

A new Cladodus from the Cleveland shale. Bull. Geol. Soc. Am., vol. 5, 1893, p. 7. 
(Title only.) 

A remarkable fossil jaw from Cleveland shales. Bull. Geol. Soc. Am., vol. 5, 1893, 
p. 7. (Title only.) 

A new species of Carcinosoma. Am. Geol., vol. xiii, 1894, pp. 77-79, pl. iv. 

Cladodus ? magnificus, a new selachian. Am. Geol., vol. xiv, 1894, pp. 137-140, pl.v. 

Fossil sharks of Ohio. Proc. Am. Assoc. Adv. Sci., vol. xlii, 1894, p. 183. (Title 
only.) 

On anew placoderm, Brontichthys clarki, from the Cleveland shale. Ai. Geol., 
vol. xiv, 1894, pp. 379-380, pl. xii. 

Structure of teeth of Devonian Cladodont sharks. Proc. Am. Micros. Soc., vol. xvi, 
1894, p. 191 (1895). Paper was read in 1894; probably published in 1895. 

On the structure of the bone of Dinichthys. Proc. Am. Micros. Soc., vol. xv, pp. 
189-191, figs. 5, 1894. 

On the structure of some Paleozoic spines from Ohio. Pree. Am. Micros. Soe., vol. 
xvii, 1896, 2 pp. 

On a new specimen of Cladodus clarki. Am. Geol., vol. xv, 1895, pp. 1-7, pl. ii. 

Recent contributions to our knowledge of the cladodont sharks. Am. Geol., vol: 
xv, 1895, pp. 363-368. 

Actinophorus clarki, Newberry. Am. Geol., vol. xvi, 1895, pp. 20-25, pl. ii. 

The cladodonts of the Upper Devonian of Ohio. Rept. British Assoc. Ade. Sei., 
1895, p. 694 (4 p.). 

The great Devonian placoderms of Ohio, with specimens. Rept. British Assoc. Adv, 
Sci., 1895, p. 695 (4 p.). 

Geology at the British Association for the Advancement of Science. Am. Geol., 
vol. xvi, 1895, p. 300. . 

Glacial notes from the planet Mars. Am. Geol., vol. xv, 1895, p. 1. 

On the teeth of Mazodus. Proc. Am. Micros. Soc., 1896, 3 pp. 

The timepiece of geology. Am. Geol., vol. xvii, 1896, pp. 40-45. 

A new Titanichthys. Am. Geol., vol. xvii, 1896, pp. 166-169, pl. x. 

The ancestry of the Upper Devonian placoderms of Ohio. Am. Geol., vol. xvii, 
1896, pp. 349-360. 
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Ancient and modern sharks and the evolution of the class. Proc. Am. Assoc. Adv. 
Sci., vol. xlv, p. 126 (title only). 

Human relics in the drift of Ohio. Am. Geol., vol. xviii, 1896, pp. 302-314. 

Dinichthys prentis-clarki. Am. Geol., vol. xviii, 1896, pp. 199-201, pl. vii. Buchtel 
College notes, No. 13. 

A new Dinichthys—Dinichthys kepleri. Am. Geol., vol. xix, 1897, pp. 322-324, 
pl. xx. 

Review of ‘‘ Pleistocene features and deposits of the Chicago area,” by Frank 
Leverett. Am. Geol., vol. xx, 1897, p. 57. 

Review of ‘‘ Geological Survey of Canada, annual report for 1895." Am. Geol., 
vol. xx, 1897, pp. 130-131. 

Review of “‘ On the southern Devonian formation,’’ by H. S. Williams. Am. Geol., 
vol. xx, 1897, pp. 133-154. 

Review of ‘‘ Geological Survey of Mexico, Bulletins 4, 5, 6.’ Am. Geol., vol. xx, 
1897, pp. 184-186. 

Paleolith and Neolith. Am. Geol., vol. xxi, 1898, pp. 333-344. 

Microscopical light in geological darkness. [President’s address, Am. Micros. Soc.] 
Am. Geol., vol. xxii, 1898, pp. 217-228; Trans. Am. Micros. sSoc., 1897, 25 pp., 
figs. 3. 

Glacial theories, cosmical and terrestrial. Am. Geol., vol. xxii, 1898, pp. 310-315, 
Discusses various hypotheses. 

The earthquake at San Jacinto, December 25, 1899. Am. Geol., vol. xxv, 1900, pp. 
106-108, 192, pl. iii. 

A white-hot liquid earth and geological time. Am. Geol., vol. xxv, 1900, pp. 310-312. 

The American Devonian Placaderms. Bull. Geol. Soc. Am., vol. xi, 1900, p. 616. 

Traquair on Silurian Fish. Am, Geol., vol. xxv, 1900, pp. 244-248. 

Geology of the Sierra Madre in southern California (read before the Cordilleran 
Section). Bull. Geol. Soc. Am., vol. xii, 1901, p. 494; Jour. Geol., vol. ix, 1901, 
pp. 69-70. 

Notes on petroleum in California. Am. Geol., vol. xxvii, 1901, pp. 150-159. 


MEMOIR OF GEORGE M. DAWSON 


BY FRANK D. ADAMS 


It was but two years since—at the Washington meeting—that we de- 
plored the loss of one of our most distinguished Fellows and a former 
President of our Society, who had passed away at a ripe old age, Sir 
William Dawson. ‘Today we have to record the death of his gifted son, 
also one of our past Presidents, and the latest, who was cut off suddenly 
in the prime of life and in the midst of what promised to be a long and 
useful career. 

George Mercer Dawson was the second son of the late Sir William 
Dawson, and was born at Pictou, Nova Scotia, on August 1, 1849. In 
1855 his father, who had for some years been acting as Superintendent 
of Education in Nova Scotia, received the appointment of Principal of 
McGill University, Montreal, and with his family took up his residence 
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there. At the age of ten Dawson entered the Montreal high school, 
where he remained for one year, taking a high place among the boys of 
his class. There were, however, at that time, near what is now the center 
of the city of Montreal, a number of ponds on which the boys from the 
High School used to go rafting at lunch,hour. On one of these occasions 
he received a drenching, and remaining in his damp clothes through the 
afternoon received a chill, which led to spinal trouble, resulting in years 
of suffering and final deformity. He consequently left school and his 
education, until he was old enough to enter college, was carried on chiefly 
under private tutors. In this way, while not neglecting the ordinary 
subjects of a school curriculum, he was allowed to follow out lines of 
study in which he found a particular interest and learned many things 
which were later of the greatest value to him. One who knew him well 
at that time says: 


‘*He seemed to absorb knowledge rather than to study, and every new fact or 
idea acquired was at once put into its place and proper relations in his orderly 
mind. He was always cheerful, amusing, and popular, other boys flocking round 
him and invariably submitting to his unconscious leadership.” 


At the age of eighteen, having recovered his health, he entered McGill 
University, where he studied during the session of 1868-’69, and in the 
following year went to London and entered the Royal School of Mines, 
His passage to England was made in a sailing ship for the benefit of the 
longer voyage, and on the way over he amused himself by studying 
navigation underthe captain. Years later, when he chartered a schooner 
in order to make an examination of the Queen Charlotte islands, the 
captain of the schooner proving to be unsatisfactory was dismissed and 
Dawson navigated the vessel himself during the remainder of the trip 
and this on a deeply indented and dangerous coast, of which at that 
time no chart existed. 

At the Royal School of Mines he took the full course of study, ex- 
tending over three years, and graduated as an Associate. At the end of 
his second year he received the Duke of Cornwall’s scholarship, given 
by the Prince of Wales, and on graduation stood first in his class, ob- 
taining the Edward Forbes medal and prize in paleontology and natural 
history and the Murchison medal in geology. While at the Royal 
School of Mines he paid especial attention to the study of geology and 
paleontology, under Ramsay, Huxley, and Etheridge, and also devoted 
much time to the study of chemistry and metallurgy, in the laboratories 
of Frankland and Perey. Even in his holidays he was never altogether 
idle, and during most of the summer of 1871 he was attached to the 
British Geological Survey and worked with the late J. Clifton Ward in 
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the Cumberland Lake district. Returning to Canada in 1872, he was 
engaged for some months in examining and reporting upon mineral 
properties in Nova Scotia, and subsequently went to Quebec, where he 
delivered a course of lectures on chemistry at Morrin College, which was 
attended by a large and appreciative class. 

In 1873 he was appointed Geologist and Botanist to Her Majesty’s 
North American Boundary Commission, which had been constituted to 
fix the boundary line between British North America and the United 
States from the lake of the Woods to the Rocky mountains, and which 
had then been at work for over a year.” There are but few corners of the 
earth which now appear so far off as did the great Northwest at that 
time—a veritable terra incognita. Fort Garry, now the city of Winnipeg, 
was the last outpost of civilization, and the party had to travel on horse- 
back or on foot, the provisions and equipment being transported in Red 
River carts. 

During the two years in which he was a member of the Boundary 
Commission, he accumulated materials for his elaborate and very valu- 
able “Report of the geology and resources of the country in the 
vicinity of the 49th parallel,” accompanied by maps and many illus- 
trations, which was published in Montreal in 1875. This volume, which 
is now looked upon as ‘‘one of the classics of Canadian geology,” is a 
model of what such reports should be—scientific facts being clearly and 
succinctly stated and the conclusions logically drawn. The main geo- 
logical result arrived at was the examination and description of a section 
over 800 miles in length across the central region of the continent, which 
had been previously touched on at a few points only, and in the vicinity 
of which a space of over 300 miles in longitude had remained even geo- 
graphically unknown. The report discussed not merely the physical 
and general geology of the region, and the more detailed characteristics 
of the various geological formations, but also the capabilities of the 
country with reference to settlement. The whole edition has been long 
since distributed, and the volume is now exceedingly scarce and difficult 
to obtain. While attached to the Boundary Commission, Dawson made 
large collections of natural history specimens, which were forwarded to 
England and found a home in the British Museum, as well as at Kew 
and elsewhere. The British Museum obtained no less than seventeen 
species of mammals not previously represented in its collections. 

In connection with this work he also prepared a “‘ Report on the Ter- 
tiary lignite formation in the vicinity of the forty-ninth parallel,” as 
well as papers on the “Superficial geology of the central regions of 
North America,” the * Marine Champlain deposits on lands north of 
lake Superior,” “The fluctuations of the American lakes and the develop - 
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ment of sun spots,” the “‘ Occurrence of foraminifera, coccoliths, &c., in 
the Cretaceous rocks of Manitoba,” etcetera. 

When the work of the Boundary Com mission was brought to a close, 
he received in 1875 an appointment as Chief Geologist on the staff of the 
Geological Survey of Canada, and began the long series of explorations 
in the northwest and British Columbia which brought such credit to 
himself and his country. In 1883 he was made Assistant Director of 
the Survey, and in 1895, on the retirement of Doctor Selwyn, he sue- 
ceeded him as Director. This position he held at the time of his decease, 

His field work while connected with the Survey was carried on almost 
exclusively in British Columbia and the Northwest Territories, and the 
excellent character of this work contributed largely to the great develop- 
ment of the mining industries in these parts of the Dominion during 
recent years, for his reports though thoroughly scientific always took 
account of the practical and economic side of geology, and accordingly 
commanded the attention and confidence of mining capitalists, mine 
managers, and others interested in the development of the mineral re- 
sources of the country. 

To outline the results of Dr Dawson’s geological work in this western 
half of Canada would be to write a sketch of the geology of that part of 
the Dominion. Practically nothing was known of the geological rela- 
tions of that vast district before he commenced his labors there. Nowa 
large part of it has been mapped and studied geologically, while a gen- 
eral knowledge of the geological structure and the resources of the whole 
area has been obtained. ‘This great work may be said to be due to Daw- 
son, for it was carried out either by him personally or by his assistants 
and immediate successors in the field, men who were trained by him 
and derived their zeal for the work from his illustrious example. 

Although a man by no means robust physically, much of this explor- 
atory work was carried out in districts and under conditions which 
would have taxed the endurance of many a stronger man, as, for in- 
stance, his work in the Queen Charlotte islands in 1879, and, later, his 
exploration of the Yukon district and the adjacent portions of northern 
British Columbia. He felt an especial interest in the great regions of 
the north, about which until recently so little was known, and in 1887, 
having made a careful search through all the accounts left by the Arctic 
explorers, and having examined the geological collections brought back 
by certain of them, he published a “Geological map of the northern 
portion of the Dominion of Canada east of the Rocky mountains,’’ with 
accompanying notes, in which all the existing information concerning 
the geology of this remote region was set forth. He subsequently pub- 
lished a paper “ On some of the larger unexplored regions of Canada,” 
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which also attracted much attention and led to explorations being un- 
dertaken in several of the areas in question. The extent and character 
of his geological work may be gathered from the titles of his papers, 
which will be found in the accompanying bibliography by Doctor Ami. 

Doctor Dawson was a prolific writer. In addition to his numerous 
and voluminous official reports, he contributed many papers on geolog- 
ical, geographical, and ethnological subjects to the scientific magazines 
and to the Transactions of various learned societies, both on this conti- 
nent and in England. His last contribution was his address as President 
of this Society, the proofs of which he read only a day or two before his 
death. 

With regard to his ethnological work we cannot do better than quote 
from Mr W J McGee’s recent appreciative notice in the American Anthro- 
pologist. Mr McGee says: 

“While several of Doctor Dawson’s titles and the prefatory remarks in some 
of his papers imply that his ethnological researches were subsidiary to his geo- 
logic work, and while his busy life never afforded opportunity for monographic 
treatment of Canada’s aborigines, it is nevertheless true that he made original 
observations and records of standard value, that much of his work is still unique, 
and that his contributions, both personal and indirect, materially enlarged knowl - 
edge of our native tribes. It is well within bounds to say that, in addition to his 
other gifts to knowledge, George M. Dawson was one of Canada’s foremost con- 
tributors to ethnology, and one of that handful of original observers whose work 
affords the foundation for scientific knowledge of the North American natives.”’ 


Dawson’s most notable contribution to ethnology was undoubtedly 
his memoir on the Haida Indians of the Queen Charlotte islands; but 
he also published “ Notes on the Indian tribes of the Yukon district and 
adjacent northern portion of British Columbia,” a valuable memoir en- 
titled “ Notes and observations of the Kwakiool people of Vancouver 
island,” ‘*‘ Notes on the Shuswap people of British Columbia,” and many 
other papers. 

Doctor Dawson also rendered important public service in connection 
with the Bering Sea arbitration. As one of the British commissioners, 
he spent the summer of 1892 in the Bering Sea region for the purpose of 
inquiring into the facts and conditions of seal life. The report of the 
commission constituted the case of Her Majesty’s government, and I 
remember hearing at the time a high tribute paid to Doctor Dawson’s 
ability by one of the gentlemen connected with the United States side 
of the case in the statement that had it not been for Doctor Dawson’s 
evidence and arguments a finding much more favorable to the United 
States would probably have been rendered. In connection with his 
services on this arbitration he was made a companion of the Order of 
Saint Michael and Saint George (C. M. G.). 
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He received the degree of D. Sc. from Princeton in 1877 and the de- 
gree of LL. D. from Queen’s University in 1890 and from McGill Uni- 
versity in 1891. In the same year he was awarded the Bigsby gold 
medal by the Geological Society of London for his services to the science 
of geology, and was elected a Fellow of the Royal Society. 

In 1893 he was elected President of the Royal Society of Canada. 
1896 he was President of the Geological Section of the British Associai 
for the Advancement of Science, at its Toronto meeting, and in 1897 w_. 
awarded the gold medal of the Royal Geographical Society. In 1900 
(last year) he was President of this Society. Doctor Dawson also occu- 
pied many other honorable positions and received many other distine- 
tions which can not here be mentioned. 

He usually enjoyed excellent health and had remarkable capacity for 
hard work, but he succumbed very suddenly, on the 2d of March last, to 
an attack of acute bronchitis, after an illness of but two days. He wasa 
man of even more versatile gifts than his father, but, like him, possessed 
of an unusual combination of scientific insight, literary ability, and ad. 
ministrative capacity. He was a man of broad views, clear and judicial 
frame of mind, modest and retiring, but withal an excellent conversa- 
tionalist. He won the esteem of all and his loss will be keenly felt by 
his very large circle of friends. 


BIBLIOGRAPHY BY H. M. AMI 
1874 

The lignite formations of the west. Canadian Naturalist, vol. vii, pp. 241-252. 
Montreal. (Also separately with the next.) 

Note on the occurrence of foraminifera, coccoliths, etc., in the Cretaceous rocks of 
Manitoba. Canadian Naturalist, vol. vii, April, pp. 252-257. Montreal. (Also 
separately with the foregoing.) 

Marine Champlain deposits on lands north of lake Superior. American Journal of 
Science, 3d series, p. 143 (1-4 p.). 

Report on the Tertiary lignite formation in the vicinity of the forty-ninth parallel. 
British North American Boundary Commission, pp. 1-31. Montreal. 
Abstract, American Journal of Science, 3d series, vol. 8, 1874, pp. 142-143 (1) 
p.). 

1875 

Report on the geology and resources of the region in the vicinity of the forty-ninth 
parallel. British North American Boundary Commission), pp. i-xi and 1-387. 

On the superficial geology of the central region of North America. Quarterly Jour- 
nal Geological Society, November, pp. 603-623. London. (Also separately, 
same pagination.) 

1876 


Review of “ Report on the geology and resources, ete., forty-ninth parallel.” 
(Anon.) Canadian Naturalist, vol. viii, no. 2, p. 118. 
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1877 


Notes on some of the more recent changes in level of the coast of British Columbia 
and adjacent regions. Canadian Naturalist, vol. viii, no. 4, April, pp. 241-248. 
Montreal. (Also separately, pp. 1-8.) 

Mesozoic voleanic rocks of British Columbia and Chile. Relation of volcanic and 
metamorphic rocks. Geological Magazine, July, pp. 314-317. London. (Also 
separately, pp. 1-4.) 

ie on the economic minerals and mines of British Columbia. First list of local- 
ities in the province of British Columbia known to yield gold, coal, iron, 
copper, and other minerals of economic value. (Appendix R.) Report on 
surveys, Canadian Pacific Railway, pp. 218-245. Ottawa. 

Report on explorations in British Columbia. Report of progress, Geological Sur- 

vey of Canada, 1875-’76, pp. 233-280. Abstract, American Journal of Science, 
3d series, vol. 14, p. 70 (4 p.) 


1878 


On the superficial geology of British Columbia. Philosophical Magazine, vol. 4, p. 
237. Quarterly Journal Geological Society of London, vol. 34, pp. 89-123. (Also 
separately, same pagination. ) 

Traveling notes on the surface geology of the Pacific coast. Canadian Naturalist, 
vol. viii, no. 7, February, pp. 389-399. Montreal. (Also separately, pp. 
1-11.) 

Erratics at high levels in northwestern America. Barriers to a great ice-sheet. 
Geological Magazine, May, pp. 209-212. London. 

Report of explorations in British Columbia, chiefly in the basins of the Black- 
water, Salmon, and Nechacco rivers, and on Francois lake. Report of 
progress, Geological Survey of Canada, 1876-’77, pp. 17-94. Montreal. 

Report on reconnaissance of Leech river and vicinity. Report of progress, Geo- 
logical Survey of Canada, 1876-77, 8vo, pp. 95-102. Montreal. 

General note on the mines and minerals of economic value of British Columbia, 
with a list of localities, with appendix. Report of progress, Geological Survey 

of Canada, 1876-’77, pp. 103-145. Montreal. Also separately, same pagi- 

nation. Abstract, American Journal of Science, 3d series, vol. 16, p. 149 (4 p.). 


1879 


Notes on the glaciation of British Columbia. Canadian Naturalist, n. s., vol. ix, 
no. 1, March, pp. 32-39. Montreal. Also separately, pp. 1-8. 

Preliminary report of the physical and geological features of the southern portion 
of the interior of British Columbia. Report of progress, Geological Survey of 
Canada, 1877-"78, pp. 1 B-187 B. Montreal. Abstract, American Journal of 
Science, 3d series, vol. 18, pp. 482-483. New Haven. 


1880 


Memorandum on the Queen Charlotte islands, British Columbia. Report Cana- 
dian Pacific railway. Appendix No. 9, pp. 139-143. Ottawa. 

Report on the climate and agricultural value, general geological features, and min- 
erals of economic importance of part of the northern portion of British Co- 
lumbia and of the Peace River country. Report Canadian Pacific railway. 
Appendix 7, pp. 107-151. Ottawa. 
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Report on the Queen Charlotte islands, with Appendices A to G, etcetera. Re- 
port of progress, Geological Survey of Canada, 1878-’79, pp. 1 B-39 B, 
Montreal. Abstracts: American Journal of Science, 3d series, vol. 21, 1881, p. 
243 (1-3 p.). American Naturalist, vol. 15, 1881, p. 647 (1-3 p.). 

Sketch of the geology of British Columbia. (See 1881.) British Association Re 
port, vol. 50, 1880. Transactions, pp. 588-589. Canadian Naturalist, vol. 9, 
n. 8., pp. 445-447. 


1881 


Note on the geology of the Peace River region. Canadian Naturalist, vol. x, no. 1, 
pp. 20-22. Montreal. Also in American Journal of Science, May, 1881, pp. 
391-394. New Haven. 

Report on an exploration from Fort Simpson, on the Pacific coast, to Edmonton, 
on the Saskatchewan, embraeing a portion of the northern part of British 
Columbia and the Peace River country. Report of progress, Geological Sur- 
vey of Canada, 1879-’80, pp. 1 B-177 B. Montreal, 1881. 

On the lignite Tertiary formation from the Souris river to the one hundred and 
eighth meridian. Report of progress, Geological Survey of Canada, 1879-80, 
pp. 12 A-49 A. Montreal. Abstract, Philadelphia Magazine, n.s., vol. 14, 1881, 
pp. 70-71 (1-3 p.). 

1882 


Descriptive note ona general section from the Laurentian axis to the Rocky moun- 
tains north of the forty-ninth parallel. Transactions Royal Society of Canada, 
vol. 1, sec. 4, 1883, pp. 39-44. Also separately, same pagination. 

1883 

Notes on the more important coal-seams of the Bow and Belly River districts. 
Canadian Naturalist, vol. x, no. 7, March, 1883, pp. 423-435. Montreal. 

Note on the Triassic of the Rocky mountains and British Columbia. ‘Transactions 
of the Royal Society of Canada, vol. i, sec. 4, pp. 143-145. Also separately, 
same pagination. 

Preliminary report on the geology of the Bow and Belly River region, Northwest 
Territory, with special reference to the coal deposits. Report of progress, 
Geological Survey of Canada, 1880-'82, pp. | B-23 B. Montreal. 

Glacial deposits of the Bow and Belly River country. Science, vol. i, pp. 477-479. 

List of elevations. Report of progress, Geological Survey of Canada, 1882-’83-’84. 
Appendix I [G. M. Dawson] to report on a region in the vicinity of the Bow 
and Belly rivers, northwest territory. Abstracts: Canadian Naturalist, n. 8., 
vol. 10, pp. 423-435; Science, vol. i, pp. 429-430. 


1884 


On the occurrence of phosphatesin nature. Transactions No, 5: Ottawa Field Nat- 
uralists’ Club, vol. 2, no. 1, February, pp. 91-98. Ottawa. 

Descriptive sketch of the physical geography and geology of the Dominion of 
Canada, 8vo, pp. 1-55. (Geo. M. Dawson and A. R. C. Selwyn.) Montreal. 

Recent geological observations in the Canadian northwest territory. Science, vol. 
3, pp. 637-648. 

Notes on the coals and lignites of the Canadian northwest. Svo. pp.l-21.  Mon- 
treal Printing and Publishing Co., Montreal. 
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1885 


On the microscopic structure of certain boulder clays and the organisms contained 
in them. Bulletin Chicago Academy of Science, June,pp. 59-69. Chicago. 
Alsoseparately, same pagination. 13th Annual Report Geological and Natural 
History Survey, Minnesota, pp. 150-163. St. Paul, Minn. 

The Dominion of Canada. Part thus entitled in ‘‘ Macfarlane’s American Geo- 
logical Railway Guide.’’ June, pp. 51-83. D. Appleton & Co., New York. 
Also separately, same pagination. 

The Saskatchewan country. Science, vol. 5, no. 116, 1885, pp. 340-342, with map 
facing page 352. 

Report on the region in the vicinity of Bow and Belly rivers, northwest territory. 
Report of progress, Geological Survey of Canada, 1882-’84, pp. 1 C-169 C. 
Montreal. 

On the superticial deposits and glaciation of the district in the vicinity of the Bow 
and Belly rivers. Reprinted from the report of progress, Geological Survey 
of Canada, 1882-’84, pp. 1-14. Abstracts: Science, vol. 6, p. 522 (1-8 p.); 
American Journal of Science, 3d series, vol. 29, pp. 408-411; American Naturalist, 
vol. 21, pp. 171-172 (with comments by G. M. Dawson). 


1886 


On certain borings in Manitoba and the northwest territory. Transactions Royal 
Society of Canada, vol. iv, sec. 4, pp. 85-99. Also separately, same pagina- 
tion. Abstract, Geological Magazine, 3d decade, vol. 4, 1887, pp. 278-289. 

Preliminary report on the physical and geological features of that portion of the 
Rocky mountains between latitudes 49 degrees, and 51 degrees 30 minutes. 
Annual report Geological Survey of Canada (n. s.), vol. 1, pp. 1 B-169 B. 
Montreal. Also separately, same pagination. Abstracts, American Journal 
of Science, 3d series, vol. 33, 1887, p. 317 (4 p.) ; Geological Magazine, decade 3, 
vol. 4, 1887, pp. 176-178. 

1887 


On the Canadian Rocky mountains, with special reference to that part of the range 
between the forty-ninth parallel and the headwaters of the Red Deer river. 
Canadian Record of Science, vol. ii, no. 5, April, 1887, pp. 285-300. Montreal. 
Also separately, pp. 1-16. 

Note on the occurrence of jade in British Columbia and its employment by the 
natives, with extracts from a paper by Professor Meyer. Canadian Record of 
Science, vol. ii, no. 6, April, 1887, pp. 364-378. Montreal. Also separately, 
pp. 1-18. 

Notes on the exploration in Yukon district. Reproduced from Montreal Gazette 
in Science, vol. 10, pp. 165-166. 

Report on geological examination of the northern part of Vancouver Island and 
adjacent coasts. Report Geological and Natural History Survey of Canada, 
part B, pp. 1-107, plates, map no. 1, in atlas. Montreal. Abstract, Geological 
Magazine, 3d decade, vol. 6, pp. 130-133. 

Notes to accompany a geological map of the northern portion of the Dominion of 
Canada, east of the Rocky mountains. Report of the Geological and Natural 
History Survey of Canada, 1886, part R, 62 pp.; colored map, 1887. Montreal. 
Abstract in Geolegical Magazine, 3d decade, vol. 6, pp. 137-138. 
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1888 


Recent observations on the glaciation of British Columbia and adjacent regions, 
Geological Magazine, August, 1888, pp. 347-350. London. American Geologist, 
vol. 3, 1889, pp. 249-253. Also separately, same pagination. 

Report on the exploration in the Yukon district, northwest territory, and adja- 
cent northern portion of British Columbia. Annual report, Geological Survey 
of Canada, (n. s.), vol. iii, 1888, pp. 1 B-277B. Montreal. Abstracts, ibid., 
Report A, pp. 4-12; American Geologist, vol. 5, pp. 240-241 (% p.); American 
Journal of Science, 3d series, vol. 39, 1888, p. 238 (4 p.). 

Summary of astronomical observations employed in the construction of maps, num- 
bers 274-277. Annual Report Geological Survey of Canada, n. s., vol. iii, 
1887-1888. Appendix vi to report of an exploration in the Yukon district, 
northwest territory, etcetera. (G. M. Dawson.) Montreal. 

Account of explorations in southern interior of British Columbia. Annual Report 
Geological Survey of Canada, vol. iii, n. s., pp. 60 A-66A. Montreal. 

Note on the Cascade anthracite basin, Rocky mountains. American Geologist, vol. i, 
pp. 332, 333. 

The geological observations of the Yukon expedition, 1887. Science, vol. ii, pp. 
185, 186. 

Mineral wealth of British Columbia, with annotated list of localities of minerals of 
economic value. Annual Report Geological Survey of Canada, n. s., vol. 4, 
pp. 1 R-163R. Also separately, same pagination. 

Views of the Archzean. Report American committee, International Congress of 
Geologists, 1889, A. American Geologist, vol. 2, pp. 146-184, in part, 1888. 


1889 


Glaciation of high points in the southern interior of British Columbia. Geological 
Magazine, 8vo, pp. 350, 351, August. London. (Also separately, same pagina- 
tion.) Abstracts: Ottawa Naturalist, vol. 3, pp. 112, 113 (4-5 p.); American 
Naturalist, vol. 24, p. 771, 4 lines. 

On the earlier Cretaceous rocks of the northwestern portion of the Dominion of 
Canada. American Journal of Science, August, pp. 120-127. New Haven. 
Also separately, same pagination. Abstract, Nature, vol. 40, p. 404, 11 lines. 

Notes on the ore deposit of the Treadwell mine, Alaska. American Geologist, Au- 
gust, pp. 84-93. Minneapolis. Also separately, same pagination. 


1890 


Notes on the Cretaceous of the British Columbia region. The Nanaimo group. 
American Journal of Science, March, pp. 180-183. New Haven. Also sepa- 
rately, same pagination. Abstract, American Naturalist, vol. 24, p. 764 (4 p.). 

On some of the larger unexplored regions of Canada. Ottawa Naturalist, May, pp. 
29-40. Ottawa. Also separately, pp. 1-12. Also printed as appendix to 
Pikes barren ground of northern Canada, 1892, pp. 177-289. Macmillan & Co., 
London. 

On the glaciation of the northern part of the Cordillera, with an attempt to cor- 
relate the events of the Glacial period in the Cordillera and Great plains. 
American Geologist, September, pp. 153-162. Minneapolis. Also separately, 
same pagination. 
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On the later physiographical geology of the Rocky Mountain region in Canada, 
with special reference to changes in elevation and the history of the Glacial 
period. Transactions Royal Society of Canada, vol. viii, sec. 4, pp. 3-74 
(pls. 1-3). Also separately, same pagination. 

Report on a portion of the west Kootanie district, British Columbia. Annual 
Report Geological Survey of Canada (n. s.), vol. iv, pp. 1 B-66 B. Mon- 
treal. Also separately, same pagination. Abstract, American Geologist, vol. 
8, pp. 392-394. 

Introductory note on an expedition down the Begh-ula or Anderson river, by 
R. Macfarlane. Canadian Record of Science, vol. 4, no. 1, 1890, pp. 28, 29. 
The chalk from the Niobrara Cretaceous of Kansas. Science, vol. 16, p. 276 (1-4 

col.). 

Northern Pacific railroad. Macfarlane’s Geological Railway Guide, 2d edition, 
pp. 258-266 ; 261, 262. 

The Dominion of Canada. Macfarlane’s Geological Railway Guide, 2d edition, 
pp. 51-83. 

1891 


Northern extension of earlier Cretaceous in western British North America. Bu/- 
letin Geological Society of America, vol. 2, p. 207 (1-4 p.). In discussion of 
paper by G. F. Becker, ‘‘ Notes on the early Cretaceous of California and 
Oregon.”’ 

Remarks on the glaciation of the Great Plains region. Bulletin Geological So- 
ciety of America, vol. 2, 1891, pp. 275, 276. Abstract, American Geologist, 
vol. 7, p. 143, 5 lines. Discussion of paper by W. Upham, “Glacial lakes of 
Canada.”’ 

Note on the geological structure of the Selkirk range. Bulletin Geological Society 
of America, vol. 2, pp. 165-176. Discussed by C. D. Walcott, p. 611 (4 p.) 
Abstracts, American Geologist, vol. 7, pp. 262, 263 (4 p.; American Naturalist, 
vol. 25, p. 658, 3 lines. Also separately, same pagination. 


1892 


Notes on the geology of Middleton island, Alaska. Bulletin Geological Society of 
America, vol. iv, pp. 427-431. Rochester. 


1893 


Mineral wealth of British Columbia. Proceedings of the Royal Colonial Institute, 
vol. xxiv, pp. 238-264. London. 

Mammoth remains. Abstract and notice of papers read before the Geological 
Society, no. 8. Nature, vol. 49, no. 1156, November 23, p. 94. 

Notes on the occurrence of mammoth remains in the Yukon district of Canada 
and in Alaska. Abstracts and notice of papers read before the Geological 
Society, London. Quarterly Journal Geological Society, November 8. Proceed- 
ings of meeting, Geological Magazine, December, no. 354. London. 


1894 


Geographical and geological sketch of Canada, with notes on minerals, climate, 
immigration, and native races. Baedeker’s Dominion of Canada Hand Book, 
pp. 23-48. Leipzig. 

LXXIII—Butt. Grow. Soc. Am., Vol. 13, 1901 
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Notes on the occurrence of mammoth remains in the Yukon district of Canada and 
in Alaska. Quarterly Journal Geological Society, February, pp. 1-9. London, 
Also separately, same pagination. Also in Geological Magazine, n. s., Decem- 
ber, 1893, pp. 574-575. London. 

Geological notes on some of the coasts and islands of Bering sea and vicinity, 
Bulletin Geological Society of America, February, 1894, pp. 117-146, Also sepa- 
rately, same pagination. 


1895 


Interglacial climatic conditions. American Geologist, vol. 16, no. 1, 1895, pp. 65-66, 
Summary report of gedlogical work in British Columbia for 1894. Ottawa. 
(Printed by order of Parliament.) 


1896 


Summary report of the director for the year 1894, with map no. 554 (reprint from 
Blue Book), 124 pp. Annual Report Geological Survey of Canada, n. s., vol. 
vii. Ottawa. 

Report on the area of the Kamloops map-sheet, British Columbia, with appen- 
dices i-iv, and maps nos. 556 and 557, 427 pp. Report B, Annual Report 
Geological Survey of Canada, n. s., vol. vii, 1894. Ottawa. 

Shuswap names of places within the area of the Kamloops map-sheet. Annual 
Report Geological Survey of Canada, n. s., vol. vii, 1894. Appendix ii to re- 
port on the area of the Kamloops map-sheet, British Columbia. (G. M. Daw- 
son.) Ottawa. 

Notes on the upper and lower limits of growth of some trees and other plants in 
different places within the area of the Kamloops map-sheet. Annual Report 
Geological Survey of Canada, n. s., vol., vii, 1894. Appendix iii to Report on 
the area of the Kamloops map-sheet, British Columbia. (G. M. Dawson.) 
Ottawa. 

Some observations tending to show the occurrences of secular climatic changes in 
British Columbia. Transactions Royal Society of Canada, 2nd series, sec. 4, 
vol. 2, pp. 159-166. Montreal. 


1897 


Summary report of director for the year 1895 (reprint from Blue Book). Annual 
Report Geological Survey of Canada, n. s., vol. viii, Report A, 154 pp. Ottawa. 
The nature and relations of the more ancient rocks of North America. Address 
of the President. Geological Section (C) of the British Association for the 
Advancement of Science, Toronto meeting, 1897, 13 pp., 8vo, Spottiswoode, 
London, 1897. 
1898 


Summary report of the director for the year 1896 (reprint from Blue Book), 144 pp. 
Annual Report Geological Survey of Canada, n. s., vol. ix, Report A. Ottawa. 

Annual Report Geological Survey of Canada, n. s., vol. 9, 1896 (1898), 816 pp., 
maps, containing the director’s summary report for 1896, and reports by Tyr 
rell, Bell, Low, Bailey, Hoffman, and Ingall, etc. ; also 20 plates. Ottawa. 

Summary Report of tne Geological Survey of Canada for the year 1897. Geological 
Survey of Canada, 156 pp. Ottawa. Compiled by thedirector. (Blue Book.) 
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1899 


Duplication of geologic formation names. (Discussion and correspendence.) 
Science, n. 8., vol. ix, 1899, pp. 592-593. 

Summary report of the Geological Survey department for the year 1898 (con- 
taining also reports of the several technical officers of the Geological Survey 
staff, on the geology, etc., of various portions of the Dominion of Canada). 
208 pp. Ottawa. 

On mammoth and musk-ox remains from the Saskatchewan gold-bearing gravels 
of the Edmonton district, Alberta. Summary report, 1898, Geological Sur- 
vey Department, pp. 19-20. Ottawa. 

Summary report of the director for the year 1897 (reprint from Blue Book), pp. 
156, with map no. 639. Annual Report Geological Survey of Canada, n. s., 
vol. x, 1897. Report A, 1899. Ottawa. 

Summary report of the director for the year 1898 (reprint from Blue Book), 208 pp. 
Annual Report Geological Survey of Canada, n. s., vol. xi, Report A. 


1900 
Summary report of the Geological Survey Department for the year 1899, 224 pp. 
Ottawa, 1900. 
Economic minerals of Canada. Paris International Exhibition, 1900, with map, 
54 pp. Toronto, Canada. 
Remarkable landslip in Portneuf county, Quebec. Bulletin of the Geological Society 
of America, vol. 10, pp. 484-490, plates 51 and 52. 
1901 
On the geological record of the Rocky Mountain region in Canada. Address by 
the president. Bulletin of the Geological Society of America, vol. 12, pp. 57-92. 
Abstract of same in Scientific American Supplement, no. 1307, January 19, 1901, 
pp. 20948 and 20949. In part published in Science, n. s., vol. xiii, no. 324, 
March 18, 1901, pp. 401-407, under the title: ‘‘Physical history of the Rocky 
Mountain region in Canada.” 


In the absence of the author, the following memoir was read by the 
Secretary : 


MEMOIR OF RALPH DUPUY LACOE 


BY DAVID WHITE 


Ralph Dupuy Lacoe died at his home in West Pittston, Pennsylvania, 
on February 5, 1901, in the seventy-seventh year of his age. He was 
respected by the entire community, esteemed by all who knew of his 
life work, and beloved by those who had the opportunity to know him- 
self. His death was a loss to science. 

Mr Lacoe’s father, Anthony Desiré Lacoe, originally spelled “* Lecoq,” 
was born near Havre, France, and died in Luzerne county, Pennsylvania, 
in 1883, at an age only four days short of 103 years, His mother, Emelie 
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Magdaléne Lacoe, was the daughter of Huguenot parents who emigrated 
from Bordeaux and Nantes to Saint Domingo, whence her father, Jean 
Francois Dupuy, gentleman, escaped to the United States in 1791 with 
the loss of his estate, being exiled by the success of the negro insurree- 
tion. 

Ralph, the youngést son of the Lacoe family, having no other educa- 
tional advantages than the country schools, learned his father’s trade, 
that of carpenter; but the slender advantages of his station were sup- 
plemented by his excellent mother, and in his early years of work he 
taught school for a short period, having among his pupils Bridget Clary, 
who afterward became his wife. He began the foundation of his modest 
wealth about 1850 by cutting railway ties on his grandfather’s land and 
investing the proceeds more or less fortunately in coal lands not far from 
his home in the then largely undeveloped Lackawanna anthracite coal- 
field. Pending the improvement of the property he continued his work 
as carpenter. By honesty and intelligent industry he gradually became 
real estate dealer, manufacturer, banker, financier, and public officer, 
though never a politician as that term is commonly employed. 

About 1865 Lacoe’s health gave way from long-continued overwork, 
and he was obliged carefully to restrict the activity of his business career. 
However unhappy this may have been to himself and friends, and what- 
ever loss it may have occasioned to the world of commerce, this enforced 
change in life was the beginning of his broadest and fullest living and 
increased usefulness to the world; for, although his health was never 
fully restored and his hearing became seriously impaired, the efforts for 
its recovery led insensibly to the development of new employments and 
purposes, including the desire to increase the sum of human knowledge. 

It was while finding refuge in the mild winter climate of the Florida 
coast that Lacoe began first to amuse himself by collecting shells along 
the beach, and later by studying the marine life of the coast. On return- 
ing to Pennsylvania he took back with him a growing interest in natural 
history study, and before long he had entered upon the task of collect- 
ing the fossils from the Coal Measures of the Pittston region. This work 
he carried on with the greatest enthusiasm and enjoyment, finding in it 
a most recuperative and healthful relaxation from the cares and respon- 
sibilities of business. Lacoe often remarked that he owed added years 
to the out-of-door life and pleasure of collecting. At first his work was 
that of a collector and amateur ; later it became systematic and definite 
in its scope. 

It was not long before he came into communication with Lesley, the 
state geologist, and Leo Lesquereux, who was then preparing his great 
work on the Coal Flora of the United States for the Second Geological 
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Survey of Pennsylvania. The acquaintance ripened into a warm friend- 
ship between paleobotanist and patron that lasted until the death of 
Lesquereux in 1889. Meanwhile Lacoe’s work in fhe Carboniferous flora 
had broadened out to include the plant life of the entire Paleozoic, and 

he had set about gathering the great collection to which we owe a large 
portion of our knowledge of the Paleozoic floras in America. Not only 
did he gather material from the Pittston-Wilkesbarre Coal Measures in 

the Northern anthracite field, but he extended his efforts to the other 
anthracite fields, to the Lower Carboniferous and Devonian of eastern 
Pennsylvania and the southern Virginian region, and to the Coal Measures 
of southern Tennessee, of Georgia, Arkansas, Missouri, Kansas, I]linois, 
and Rhode Island. In this work he hired collectors from time to time, 
besides purchasing many additional collections. He traveled in Greate 
Britain and Europe, and by purchase or exchange procured Paleozoic 
plant collections from the British, French, and German coalfields, as 
well as from New Brunswick and Nova Scotia. Later he added collec- 
tions from the Trias of New Jersey and Virginia, from the Dunkard 

formation of West Virginia, the Permian of Colorado, the Dakota of 
Kansas and Nebraska, the Upper Cretaceous of Colorado and Montana, 
and the Green River groupof Wyoming. After a time he became inter- 
ested in the remains of insect and myriapod life, which are seldom 

found except in association with plant remains, and concerning which 

very little was known; and this interest increased to the end of his life. 

In his later years he also added a large number of crustacean, fish, and 

mollusean fossils to his already enormous collection. 

It would be wrong to conclude that Lacoe was a mere collector, even 
though systematic, or that his main object was the accumulation of a 
surpassing collection of fossils, duly accompanied by labels and orna- 
mented by showy specimens. Realizing the very great handicap to the 
progress of paleontology due to the enormous labor and expense of dis- 
covering, exhuming, and intelligently preparing the fundamental ma- 
terials from which the paleontologist must work out his results, he chose 
for his first service to science the task of securing this material and prop- 
erly placing it in the hands of the paleontologists. His purpose was to 
systematically gather and put before the most eminent specialists the 
raw material which should contribute to our knowledge of the nature 
and characters of the plant and insect life of the ancient epochs; which 
should show the horizontal and vertical distribution of the types and 
their significance regarding genetic sequences and stratigraphical char- 
acteristics, and which should throw light on the questions of conti- 
nental relations and climatic conditions. This raw material he sub- 
mitted for elaboration to Lesquereux, Dawson, Scudder, Cope, Hall, and 
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Packard. But Lacoe’s services to paleontology did not stop with pro- 
curing the collections from which the specialists should work out the 
results; for in some ifstances he made it possible for the specialist to 
more fully devote his time to paleontological study, while in other cases 
he defrayed the expenses for the costly drawings so necessary to adequate 
paleontologic publication. 

A very imperfect conception of the extent to which the Lacoe collec- 
tions had already contributed to our knowledge of fossil plants and 
insects may be gained from a review of the pages of “ The coal flora” 
and the monograph of the flora of the Dakota group, or from Scudder’s 
many papers on the Paleozoic and Tertiary insects of North America. 
The greater part of the correlative and stratigraphical data included in 
‘Lesquereux’s great work, “ The coal flora,” are due to the efforts of Mr 
Lacoe and his interest in the investigations. The most important por- 
tion of the fossil plant material in the state collections appears to have 
been donated by him. He was also bearing the expense of the study 
and preparation of the manuscripts and illustrations for a supplementary 
volume of “ The coal flora,” to be published by the state, when the fail- 
ing health and death of Professor Lesquereux left the work incomplete. 

In 1891 the collections in Mr Lacoe’s hands had increased until they 
more than filled the entire upper floor of the Pittston First National 
Bank building, the large hall of which constituted in effect a museum 
of no mean rank, though on account of the modest and retiring attitude 
of the founder its very existence was unknown to most residents of the 
city. It wasin that year that he determined to place the great collection, 
containing many hundreds of types of fossil plants, insects, crustacea, 
and fish, in a suitable fireproof repository, where they should receive 
the necessary preservative care and where they should for all time be 
accessible to specialists. On account of the painful neglect of such collec- 
tions that he had witnessed in most municipal and university museums, 
he determined to place the entire recqrd portions of the collections, in. 
cluding the types, stratigraphical, geographical, and study series, in the 
keeping of the National Museum in Washington, which he believed was 
destined to be the center of biological and geological research in this 
country. 

The removal of the fossil plant and fish collections, filling 515 boxes, 
was completed in 1895, by far the greater portion of the specimens being 
labeled and catalogued in Pittston. The fossil insect, myriapod, and 
crustacean collections were forwarded to Washington in 1899. The 
great collection intrusted by Lacoe to the care of the government em- 
braced about 100,000 Paleozoic plant fossils, including over 575 described 
or figured specimens ; 800 Dakota plants, including a large number of 
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types; nearly 5,000 specimens of fossil insects, of which over 200 are 
types, and 400 specimens of fossil vertebrates. It also contained a large 


amount of unpublished plant material, besides several thousands of 


insects partially reported on by Doctor Scudder. 

Besides his great gift to the National Museum, Mr Lacoe also donated 
a large collection of fossil plants, mostly labeled and arranged in cases, 
together with about 5,000 specimens representing 1,200 species of fossil 
mollusca, to the Wyoming Historical and Geological Society, of which 
for a number of years he was trustee and paleontological curator, and 
in whose welfare and active work he was deeply concerned. 

Lacoe’s scientific work did not cease with the donation of the collec- 
tions. Even during and after the installation of the great type and 
study series in Washington he continued making important additions 
to both the fossil plant and insect sections, the accessions being obtained 
from regions or horizons of especial importance from the biological, 
geographical, or stratigraphical standpoint. At the time of his fatal ill- 
ness negotiations were under way for the acquisition of plant material to 
assist in the correlation of the New Brunswick and Nova Scotia Carbon- 
iferous formations with those of the Appalachian region. 

In the questions of the origin and early history of the principal insect 
families, as well as the true relationship of the insects found in the ear- 
lier formations, he entertained the keenest interest. Believing that the 
current speculative phylogenetic generalizations drawn from Mesozoic 
and Paleozoic insect remains were uncertain and unsatisfactory, as well 
as desultory, he was strongly of the opinion that the true relationship 
and paleontological history of the insect orders must first be worked out 
as thoroughly as possible from the fossils in the later formations. After 
that they should be traced backward step by step through the earlier 
formations of the Tertiary and Mesozoic, the remains of each earlier 
epoch being interpreted in the light of the knowledge first gained from 
the later period. The first step in his plan was to make ample collec- 
tions from the insect localities hitherto discovered in the Tertiary. In 
this most important and philosophical line of research he had already 
gotten so far as to secure large collections, embracing several thousands 
of specimens from the classical type iocalities to the Upper Rhine region, 
and he was making arrangements for extensive collecting from the Ter- 
tiary insectiferous beds of the western states when his cherished hopes 
and plans were cut short by death. 

As we have seen, Lacoe’s chief services to science were those of a patron 
in the finest and best sense of that term. His aim was not to make gifts 
of large sums of money or of gross collections to some museum, university, 
or scientific society. Had he done thus he could hardly have accom- 
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plished so much or so well. He made it his business to systematically 
and wisely gather data for unraveling the early history of plant and 
insect life on the globe. He not only placed these data in the hands of 
the highest authorities, but when necessary he sustained the paleon- 
tologist in his investigation and aided in the publication of his work. 

But he was more than a mere patron of science and more than an 
amateur. He himself was a man of science. Debarred for many years 
by partial deafness from easy conversation, he sensitively avoided pub- 
licity and social life and applied himself more closely to geological and 
other scientific reading and to the study of the collections about him. 
His well chosen library is supplied with a large number of scientific 
serials and the publications of numerous learned societies. Respecting 
the literature relating to fossil insects and paleozoic plants it is excelled 
by the libraries of probably not more than four institutions on this con- 
tinent. Finding the greater portion of the literature on these subjects 
written in the French or German tongues, he mastered sufficient of both 
to enable him to carry on the study of the fossils before him. He was 
well and broadly informed in geology and general natural history. Con- 
cerning the stratigraphy of the Wyoming region and the northern anthra- 
cite coalfield he was an authority. In the recognition and differentia- 
tion of the genera and species of Paleozoic plants he became an expert, 
and in the latest years of his paleobotanical study he was fully compe- 
tent, so far as knowledge or experience was concerned, to have deter- 
mined, described, and published the greater part of the Paleozoic fossil 
plant material coming into his hands. Yet so modest and unassuming 
was he, so small an estimate had he of his own ability and attainments ; 
so wholly wanting in the pride of species-making and authorship, and, 
withal, so anxious was he to obtain the best scientific results from the 
investigation of the various classes of fossils, that he was accustomed, to 
the last, to transfer to the most eminent specialists even the fossils in 
whose knowledge he himself was a specialist of high rank. In the three 
short papers which comprise his publications (see “ Bibliography ” fol- 
lowing this memoir) he described neither genus nor species, and among 
the numerous representatives of the commonest and most easily recog- 
nized species there are in his collection comparatively few specimens 
whose labels show himself to have been the authority for their determi- 
nation. 

Unlike most self-made men, Lacoe was a man of culture and refine- 
ment. He was conscientious, studious, and methodical in his scientific 
as well as in his business affairs, while at the same time he was artistic 
in his tastes. In the quiet retirement of his home life he was gentle, 
kindly, and genial, though on account of sensitiveness due to his im- 
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perfect hearing he was slow to make new acquaintances. He was 
strong, earnest, noble-minded, and generously just, yet not lacking in 
humor or amiability of companionship. To know him was both to love 
and to admire him. His friendship was always helpful and inspiring. 
If he was deliberate in commendation, his compliments were always full 
of kind thoughtfulness and absolute sincerity. He was fond of encour- 
aging and aiding young men, many of whom owe their success in life to 
the benefit of his friendship and the lesson of his exalted motives. 

The fine queélity of Lacoe’s scientific spirit was well shown in the terms 
by which his great gift to science was intrusted to the keeping of the 
National Museum. In the simple words of the offer he stipulated only 
that the collection in its entirety should be known as the Lacoe collec- 
tion; that additions might be made to it by exchange or further contri- 
butions by the donor, and that it should be kept ‘‘ accessible to scientists 
and students without distinction, under such proper rules and restrictions 
as may be deemed necessary for the preservation from loss or injury of 
the specimens.” As we have seen, his liberal designs for the further in- 
crease of the paleontological material were destined to be but partly 
carried out by himself. 

The greatest and most enduring monument to Lacoe’s devotion to and 
work for science is the Lacoe collection itself. Carefully guarded against 
danger. or deterioration, it will be increased from time to time by ex- 
changes or additional gifts. Its types, from the hands of Lesquereux, 
Dawson, Cope, and Scudder, will be consulted and reéxamined by the 
savants of paleontology for centuries to come. Students of life distribu- 
tion, climate, and of evolution will review its suites of collateral speci- 
mens, and their records will supplement the records of the great paleon- 
tologists of the past who participated in its original elaboration, Thus 
Lacoe’s work, which seemed so unhappily cut off in the midst of his 
broadest plans for the increase of human knowledge, will continue to go 
forward. 
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MEMOIR OF JOSEPH LE CONTE* 
RY W J MCGEE 


In the absence of the author, the following memoir was read by 
Richard E. Dodge: 


MEMOIR OF THEODORE GREELY WHITE 
BY J. F. KEMP 


Theodore Greely White was born in New York August 6, 1872, and 
passed away, after a brief illness, in the city of his birth, July 7, 1901. 
He fitted for college at the Columbia Grammar School and entered the 
School of Mines of Columbia University in the course in geology and 
paleontology in October, 1890. He received the degree of Ph. B. June, 
1894, and immediately registered for graduate work as a candidate for 
M. A.and Ph. D. The former degree he received in 1895 and the latter 
in 1898. In 1896 he was appointed assistant in the Department of 
Physics, Columbia University, and held that position until 1900, being 
especially in charge of the experimental work in optics. The organiza- 
tion of this particular laboratory at the new site in Columbia University 
largely fell to him, and in the work he displayed administrative ability 
which won for him the warm commendation of his superiors. As a boy, 
Doctor White early manifested a special interest in natural science. His 
Ph. B. thesis was a description of the geology of Essex and Willsboro, 
towns on lake Champlain. In connection with this work he became 
interested in the faunas of the Trenton strata in the Champlain valley 
and determined upon a study of them as his thesis for Ph. D. To this 
end he studied them not alone in the Champlain region, but all around 
the Adirondack crystalline area. His thesis for the M. A. degree was a 
petrographical description of the Quincy granite near Boston, which he 
undertook in association with Professor Crosby, of the Massachusetts 
Institute of Technology. 

The full results of Doctor White’s work upon the Trenton fossils have 
not yet been published, as the manuscript remains to be issued. His 
chief results were, however, presented to this Society in 1898. Doctor 
White was a man of indefatigable industry and of great perseverance. 
Besides his efforts in geology, he had a number of additional undertak- 
ings in hand. He was especially interested in the parish work of the 
Church of the Holy Communion, Sixth avenue and Twentieth street, 


The memoir was not read at the meeting, but is here noted in its place, as on the printed 
program. It has not been possible for Mr MeGee, who consented to prepare this memoir, to 
furnish the manuscript in time for publication inthis volume. It will probably appear in volume 
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New York, and the past spring he made up his mind to devote himself 
toa life work among its young men. He was largely instrumental in 
founding Gordon House, a club house and center of interest for them, 
and to it he has bequeathed his estate. Indeed, during an excursion to 
the neighboring seashore with his young men friends of the club, he be- 
came exhausted while bathing in the salt water and took a cold which 
developed into pneumonia and caused his death after a brief itlness. 
He has left a large circle of sincere and devoted friends who can with 
difficulty reconcile themselves to his loss. 
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The faunas of the Upper Ordovician strata of Trenton falls, Oneida county, New 
York. Trans. N. Y. Acad. Sci., vol. xv, pp. 71-96, pl. ii-v. 
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Following the presentation of memorials the President, Dr Charles D. 
Walcott, assumed the chair. 

The Society was welcomed to Rochester and to the University of 
Rochester by the president of the University, Rush Rhees, LL. D., and 
President Walcott responded. 

Announcement was made that the Ward’s Natural Science Establish- 
ment, located across the street from the meeting place, would provide a 
mid-day lunch each day of the meeting for all Fellows who wished to 


visit the institution. 
The presentation of scientific communications was declared in order 


and the first paper read was 
ORDOVICIAN SUCCESSION IN EASTERN ONTARIO 
BY H. M. AMI 
[ Abstract] 


The paper indicated the succession of paleozoic sediments in that portion of the 
province of Ontario, Canada, which is traversed by the Frontenac axis or ridge of 
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Archean rocks which crosses the Saint Lawrence river between the city of Kingston 
and Brockville and connects with the great Adirondack massif to the south. 

The Frontenac axis divides the Ordovician strata, to the east as well as to the 
west, into two series, which, though not very distant, geographically speaking, 
are nevertheless marked by important features and differences. 

On the east and west sides of the axis the following order of ‘succession in the 
geological formations obtains: 


Orpovictan East or tHe Frontenac Axis 


Formations Character of Strata 
Butf weathering and dark silicious shales and mudstones. 
WE, DBC ncovccseccccccescoserscossesesseesesenes Dark brown and black bituminous shales and limestones at 
the base. 
Dark gray, impure, and semicrystalline fossiliferous lime- 
stone, 
BV. Heavy bedded and hard compact fine-grained impure lime- 
stones, etcetera. 
Limestones, shales, sandstones, and grits. Shallow water 
deposit at the base. 
Il. Beekmantown (Calciferous)...... Dark gray, impure magnesian limestone or dolomites, cay- 
ernous and fossiliferous, 
Light yellow and rusty colored sandstones and conglomer- 
ates, shore deposits resting on the Archean crystal lines. 
Onpovician West or Tur Frontenac Axis 
V. Lorraine..................seeseeeee ee Arenaceous shales and mudstones, at times very fine grained 
argillites, 
Dark brown and black fossiliferous shales, &c. 
Gray impure fossiliferous limestones. 
II. Birdseye and Black Rivev......... Heavy bedded impure fossiliferous limestones and fine- 
grained compact lithographic beds at the base. 
Bo TOR cceccccnerecessnccssscnnssccrrecassace Mostly red and yellow (at times green) colored sandstones; 


shallow water deposit, false bedding prevalent, a basal 
series resting unconformably upon the subjacent Archean 
crystallines, 


An attempt is made to solve the problem arising from the discussion of these 
differences in the sedimentaries on each side of the axis, and in the remains of life 
entombed in them. 


Remarks were made on the subject of the paper by Bailey Willis, W. M. 
Davis, and the President. An abstract is printed in Science, volume xv, 
January 17, 1902, page 82. 


The following paper was read by Mr Shimer: 
HAMILTON GROUP OF THEDFORD, ONTARIO 
BY H. W. SHIMER AND A. W. GRABAU 


The paper was discussed by J. M. Clarke, H. S. Williams, and H. M. 
Ami. It is printed as pages 149-186 of this volume. 
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The last paper of the morning session was the following : 
TRAVERSE GROUP OF MICHIGAN 
BY A. W. GRABAU 
[Abstract] 


Two sections, one on Thunder bay and the other on Little Traverse bay, show 
the strongiy calcareous facies of the strata, which is most marked in the western 
section. In both sections the upper limit of the Traverse group is indicated by the 
Saint Clair black shale, and the lowest portion of the group is a bed of blue clay 
80 feet thick. The fauna varies with the rock. The reef character of the lime- 
stone strata was discussed. 


Questions and remarks were made on Mr Grabau’s paper by H. 8. 
Williams and the President. 


At 12.20 p m the Society adjourned for the noon recess. At 2 pm 
the Society met and resumed the reading of papers. The first paper 
was 

LOWER CARBONIFEROUS AREA IN INDIANA* 


BY T. C. HOPKINS 
[ Abstract] 


In the southern and west central portions of Indiana the strata of Lower Carbon- 
iferous age are divided into five well marked lithologic units as follows: 
The Huron limestone and sandstone. 
The Mitchell limestone. 
The Bedford oolitic limestone. 
The Harrodsburg limestones and shales. 
The Knobstone shales and sandstones. 

The upper division, the Huron, is overlain by the Mansfield sandstone, a 
heavy bed of sandstone and conglomerate which forms the base of the Coal 
Measures, while the lower division, the Knobstone, is underlain by the Devonian 
black shales. 

The lower group consists of a thick series of drab-colored shales, which locally 
grade into sandstones of sufficient firmness to be quarried in some places for build- 
ing stone. It is one of the thickest formations in the state, reaching in places 
more than 500 feet. It forms many quite prominent hills or knobs in the central 
and southern portions of the area, which suggests the origin of the name.t 

The second division, the Harrodsburg limestone, is so called from the village of 
that name in Lawrence county, where the rock is well exposed. It consists of 
crystalline to suberystalline fossiliferous limestones, in places very crinoidal, with 
more or less intercalary shale. It forms a transition bed from the underlying 


State Geologist of Indiana along with a new geological map of the State. 
+ For detailed description of this group see paper by J. F. Newsom in 26th Ann. Rept. State Cieol- 
ogist of Indiana, 1901, 
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Knobstone to the overlying oolitic limestone. It is characterized by the abundant 
crinoidal remains, the crystalline texture, and the geodes occurring in it. The 
geodes are especially abundant in the central part of the area. There is generally 
no sharp line between the Harrodsburg and the underlying Knobstone, but the 
line separating it from the overlying oolitic limestone is well marked. 

The third division includes the famous Bedford oolitic limestone, one of the 
most widely known building stones in the United States. It reaches its greatest 
commercial importance in the central portion of the area in Lawrence and Monroe 
counties around Bedford and Bloomington as centers, where it forms a bed twenty 
to one hundred feet thick and is of quite uniform texture and structure. In the 
northern extension it loses the massive structure, the bedding planes become 
more numerous, and in many places the stone is more coarsely crystalline. It is 
quite fossiliferous in many places. It is named from Bedford, the county seat of 
Lawrence county, and belongs to the Saint Louis stage of the Mississippi Valley 
deposits. 

The Mitchell limestone, named from Mitchell, in Lawrence county, consists of a 
compact blue to drab-colored limestone containing locally much chert. The 
chert occurs in nodular masses and irregular layers, in some places replacing a 
large part of the limestone. Some of the layers have such a smooth, even texture 
as to resemble lithographic stone. It is characterized topographically by the 
numerous sink-holes and caves. It contains a great many large caves, and the 
surface, dotted with sink-holes, shows its widespread cavernous character, which 
is further indicated by the numerous “lost rivers,” sinking streams, and large 
springs. It is used in large quantities for burning lime and in limited quantities 
as building stone, flagstone, and road metal. 

The Huron group, known in some of the older reports as the Chester, is in 
some measure a transition bed between the underlying limestone and the overlying 
sandstone. Itconsists of alternating beds of sandstone and limestone. In Orange 
county there are generally three limestones and two sandstones, but farther north 
the number and character of the layers are subject to local changes, and in places 
shales replace the sandstone wholly or in part. There are small local deposits of 
coal in the shale. The limestones are more coarsely crystalline than the under- 
lying Mitchell. One of the beds frequently has a reddish tinge, and in many 
places the limestone is in part oolitic, but differs from the Bedford oolitic lime- 
stone in being a true concretionary oolite. 

The calcareons beds thin out to the northward along the outcrop, but not uni- 
formly. The Mitchell is more persistent than either the underlying Bedford or 
the overlying Huron. The Bedford loses its massive character and its chief 
value as a building stone in southern Owen county, but extends through Owen 
and Putnam into southern Montgomery county. The Huron thins out rapidly 
in Owen county and does not appear north of the Big Four railroad in Putnam 
county, except possibly in one locality. The most northern outcrop of the lime- 
stones is in southern Montgomery county near Waveland. North of this point the 
massive carboniferous (Mansfield) sandstone rests conformably on the Knobstones, 
with all the limestones lacking, except a very crinoidal one, which occurs at a 
number of localities in Montgomery county, and which is probably the chrono- 
logical equivalent of the Harrodsburg limestone. There is quite a pronounced un- 
conformity between the base of the Coal Measures and the Lower Carboniferous, 
especially in the northern area, as shown (1) by the outlyers of the Coal Measures 
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sandstones lying in erosion channels many miles east of the eastern outcrop of the 
parent rock ; (2) the typical basal conglomerate lying at the contact, and (3) the 
absence of the limestones. 


Questions or remarks were made by several Fellows. 
The second paper was 
GEOLOGICAL HORIZON OF THE KANAWHA BLACK FLINT 
BY I. C. WHITE 


Remarks on the paper were made by J. J. Stevenson, Bailey Willis, 
and the author. The paper is printed as pages 119-126 of this volume. 

A telegram of greeting was received from A. C. Lawson, as Secretary 
of the Cordilleran Section, and the Society by vote instructed the Secre- 
tary to send an appropriate reply. 


The third paper was 


CORRELATION OF THE COAL MEASURES OF MARYLAND 
BY W. B. CLARK AND G. C. MARTIN 
The paper was discussed by I. C. White, J. J. Stevenson, and Bailey 
Willis. It is printed as pages 215-232 of this volume. 
pag 
The next paper was 
GEOLOGY OF THE POTOMAC GROUP IN THE MIDDLE ATLANTIC SLOPE 
BY W. B. CLARK AND A. BIBBINS 


Remarks or questions were made by T. C. Hopkins, W. N. Rice, and 
J. A. Holmes. The paper is printed as pages 187-214 of this volume. 
An abstract is printed in Science, volume xv, page 84, January 17, 1902, 
under a different title. 


The following paper was then read: 


JOINT VEINS 
BY G. K. GILBERT 
[ Abstract] 


Certain thin beds of limestone inclosed in Cambrian shales of Rainbow valley, 
House range, Utah, are traversed by systems of parallel veins. These veins repre- 
sent joints and afford a convenient opportunity for the study of joint arrangement. 
The intervals between parallel joints are so small that many characters, including 
the interrelations of systems, are well exhibited in hand specimens. It is sug- 
gested that the scale of joint systems is in part determined by the thickness of the 
formation traversed. At least twelve systems occur in one specimen. Some of 
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these intersect at narrow angles. They are in two groups, apparently related to 
strike and dip. Some veins are interrupted without continuation, others with 
continuation en echelon. 


The paper was discussed by J. E. Wolff, B. K. Emerson, Bailey Willis 
N. H. Winchell, A. C. Lane, and the author. 


The last paper of the session was the following : 
REGENERATION OF CLASTIC FELDSPAR 
BY N. H. WINCHELL 


Already several American geologists have noted enlargements of feldspar crystals 
and fragments of crystals in clastic strata, and some have described most of the 
phenomena to which I desire to call attention. Perhaps the earliest of these was 
Irving, who, in association with Van Hise, in 1884 described quartz and feldspar 
enlargements in various sandstones in the Lake Superior region.* Professor Van 
Hise gave what appears to be the first description of feldspar enlargements in 
American rocks. He illustrated the extension of albite twinning bands in a plagio- 
clase fragment into the new rim formed in a Keweenawan sandstone underlying a 
sheet of diabase. 

The next description of similar phenomena in American literature seems to have 
been that of Dr E. Haworth,t but in this case the original feldspar nuclei were not 
recognized as clastic, but the enlargements were supposed to have been formed on 
the outer surfaces of crystals after solidification from a liquid magma before final 
cooling. Doctor Haworth remarks that ‘of course this kind of enlargement is 
entirely different from those in fragmental rocks described by Irving and Van 
Hise for quartz, and by Van Hise for orthoclase and hornblende.’’ He does not, 
however, point out any difference, except that in the Missouri granite the rock is 
massive and was once nearly or quite molten, whereas in the case of the Kewee- 
nawan sandstone the rock is plainly clastic. This constitutes, it must be ad- 
mitted, a difference in the rocks in which the phenomena are seen. The actual 
phenomena of the enlargements, however, are quite identical with phenomena 
described since in admittedly clastic rocks. 

In 1891 Dr J. E. Wolff gave a lucid exposition of the metamorphism of clastic 
feldspar in a clastic rock in western New England, calling attention to some of 
the same phenomena as mentioned by Haworth.t He found that new albite and 
new microcline are formed about original clastic fragments, and that the enlarge- 
ments are fresh and glossy while the nuclei are clouded by great numbers of 
minute inclusions. He suggests that the so-called porphyritic albite crystals found 
in the schist overlying this conglomerate may be due to an original replacement of 
some other feldspar fragment by albite material, and that the growth of the albite 
crystal after total replacement of the fragment was continued beyond the limits 
of the original grain, leaving some of the iron products of such transformation in 


*Secondary enlargements of mineral fragments in certain rocks. Bull. U. 8S. Geol. Survey, 
10.8, 1884. 

{A contribution to the Archean geology of Missouri. American Geologist, May and June, 1888. 

{Metamorphism of clastic feldspar in conglomerate schist. Bull. Mus. Comp. Zool., vol. 16, 173. 
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the form of scattered or banded grains of oxide of iron in the regenerated crystal. 
The bright rims of fresh feldspar surrounding the old feldspar grains he does 
, not unhesitatingly ascribe to new growths on the original grains, but suggests that 
they are in part due to an actual replacement of the outer part of the detrital 
grain by the new feldspar. This suggestion is borne out by the fact, observed in 
the same conglomerate and in other rocks, that the fresh feldspar penetrates along 
fissures well within the original old feldspar, forming tongues and irregular areas 
connected with the rim in all optic characters, and demonstrating that the new 
feldspar, which is characteristically abundant in the rims, pervades more or less 
the entire clastic grain. Mr Wolff also called attention to the fact that probably 
both albite and microcline had formed independently of any preéxisting nuclei. 

The same conglomerate schist was the subject of a more general treatment by 
Dr C. E. Whittle in 1892.* Connected with the description of the occurrence of 
various secondary minerals, such as ottrelite, sericite, anatase, etcetera, he describes 
fully the alteration which the clastic feldspars have undergone. Mr Whittle calls 
attention to an important feature, due to what he calls the “clearing action of 
sericite,” this mineral lying in belts parallel with the exterior clear rim, and along 
other clear belts that penetrate within the grain. He hence is disposed to attribute 
the clear rims not so much to enlargement of the original grains as to some subse- 
quent action that eliminated the impurities. He also shows that in such meta- 
morphism microcline is sometimes altered into plagioclase. 

In the same year Dr W. H. Hobbs, in discussing the metamorphic schists of 
western Massachusetts, tdwelt at length on the so-called porphyritie feldspars of 
the albite schists of that region. He gives numerous cases of plagiociase feldspar, 
more or less oval in shape, exhibiting various kinds of alteration and regeneration. 
He figures an old feldspar that shows a granophyre structure. That this structure 
is not preserved from some former igneous condition of the feldspar is evidenced 
by the identity of extinction which it bears with the quartz surrounding the grain. 
He inclines to interpret the granophyre structure here as a secondary feature due 
to decay of the original feldspar. In other cases feldspar of different composition 
had partially replaced the original, and this new feldspar not only formed the rim, 
but constituted mottlings throughout the original grain. Doctor Hobbs mentions 
the same phenomenon as Doctor Haworth, namely, that frequently the cores of en- 
larged feldspars show crystal boundaries, while the enlargements are irregular. He 
considers this an indication that they are not of detrital origin, though the rocks 
are undoubtedly clastic. These changes, and others exhibited by the formation 
of staurolite, tourmaline, ottrelite, etcetera, Doctor Hobbs does not attribute to 
dynamic metamorphism, there being little or no evidence of crushing and shear- 
ing, but to ‘‘ static metamorphism ”—that is, ametamorphism due to pressure com - 
bined with heat and moisture acting over an extended area. 

Besides the publication of these studies on enlargements of clastic feldspars, 
there are no others in America, so far as I know, prior to my own, recently pub- 
lished in the final report of the Minnesota Survey, volume v. It is the purpose of 
this paper to call attention to certain conditions in the alteration of clastic feld- 


*Some dynamic and metasomatic phenomena in a metamorphic conglomerate in the Green 
mountains. Bull. Geol, Soc. Am., vol. 4, 1892, p. 147. 

t Phases in the metamorphism of the schists of southern Berkshire. Bull. Geol. Soc. Am., vol. 4, 
[1892], 1893, p. 167. 


LXXV—Buu. Grow. Soc. Am., Von. 13, 1901 
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spar which should be carefully noted. As these conditions seem to depend on the 
degree of metamorphosing force to which the fragments may be subjected, they 
may be called phases or stages in a progressive change, or series of changes, through 
which feldspar crystals pass in normal petrologie history. 

These phases are three: 

The first is that of decay. A feldspar grain that is simply decayed can be identified 
under the microscope by a peculiar flecked appearance which usually begins by 
obscuring the margin, but finally permeates the whole grain. According to Pro- 
fessor Pumpelly,*such decayed feldspars sometimes exhibit zones of greater or less 
alteration surrounding a core of undecayed feldspar.* The minute scales of sericite 
are then uniformly distributed throughout the body of the crystal, or at an earlier 
stage a kaolinization is apparent, creeping along progressively in the cleavages. 
This decayed condition is not a metamorphic state. -It is not due to a forced re- 
crystallization, but to slow weathering. It is truly an alteration of the feldspar, 
but it is not a regeneration. The feldspars in many of the Archean quartz por- 
phyries exhibit this kind of alteration. 

This decay sometimes takes on a different form. The feldspar seems to change 
wholly into an ultra-microscopic mosaic of quartz and feldspar, the little indi- 
viduals of which are roundish but compactly adjusted together. The nature of 
this secondary feldspar it is difficult to determine. Feldspar fragments in the 
Ogishke conglomerate have been seen thus altered. It is possible that some faint 
dynamic or other force, or the chemical environments, were instrumental in de- 
termining this kind of alteration rather than the sericitic. So far as noticed, this 
alteration affects the feldspars of the basic sediments. 

The second, or rimmed phase of regeneration, is that which has been frequently 
noted. In orthoclase, microcline, and plagioclase the process of decay is inter- 
rupted by a reaction resulting from dynamic or “ static” metamorphism, and a 
regenerative process begins. This seems to revive the crystallizing force which is 
located and active in the very surface of a crystal; and while it expels some of the 
sericitie or epidotic particles it builds further feldspathic substances on to the 
original grain. The new growth is fresh and glassy, making a more or less con- 
tinuous casing on the old core. At the same time the new growth enters the old 
grain, forming tongues or isolated small areas that polarize like the new matter 
of the rim, giving the semi-regenerated grain a broken and mottled aspect. 
This restoration of the old grain drives the sericite scales, the epidote, or the 
zoisite, and all other products of the earlier decay, toward the center of the original 
feldspar, or into groups that are prevailingly in the central part of the grain. It 
is probable, also, that the date of definite crystallization of these impurities into 
recognized minerals is cotemporary with this migration toward the center, and it 
is further probable, if the feldspar mass that immediately embraces them after 
their migration could be specifically determined, it would be found to be of the 
same species as that of the rim, at least in many cases. When the migration of 
the impurities toward the center is not perfect and the entire grain is not wholly 
renewed, it has been noted in numerous instances that the new feldspathic growths 


* Relation of secular rock disintegration to certain transitional crystalline schists. Bull. Geol. 
Soe. Amer., vol. 2, 1901, p. 210. 
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are not of the same species as the old grain. The crystal orientation is usually the 
same in the new as in the old, but not always. The albite mark may be contin- 
uous from the old into the new, or it may be interrupted. The carlsbad twin may 
be ignored by the new growths. If both new and old are orthoclastic, one may be 
deformed and the other not deformed orthoclase.’ The new feldspar may be 
twinned like microcline when the old is not. The new feldspar may be polysyn- 
thetically twinned when the old is not. Hence it appears that the new growths 
may vary in a great variety of ways in crystalline structure, both in specific 
designation and chemical composition, from the original grain. Such semi-renewed 
clastic feldspars are common in the Archean sediments of Minnesota. They have 
been described in the schists and conglomerates of the Taconic region of New 
England. There is no doubt that they can be found in many other places where 
clastic materials have been metamorphosed. 

In the third phase of feldspar enlargement the secondary growths are much ex- 
tended. The original forms of the feldspar grains are nearly or wholly lost. The 
boundaries are jagged and even grown into the spaces between adjoining grains. 
Sometimes the new growths have surrounded adjacent grains of other minerals. 
This change in the feldspars is coérdinated with similar transmutations in all the 
associated minerals. The result is the formation of a granitic texture by the re 
crystallization of the entire mass. In this case there can be no doubt of the unity 
of the feldspar species, whether in the new growths or in the remaining cores. 
The old cores have been thoroughly saturated with the new feldspathizing solu- 
tions. The sericitic or zoisitic particles remain, grouped at the centers of the 
feldspars; the clear and fresh growths spread outward in all directions, giving 
place, however, at their margins to other minerals, but extracting from the rock 
everywhere every atom of the chemical elements that can be seized on to promote 
their own development. The rock thus passes to a normal granite or diorite or 
other massif, according to the mineral composition. 

This regrowth of feldspar is apparent, so far asexamined by the writer, in nearly 
all the metamorphic and massive acid rocks. It has not always been interpreted in 
thisway. Owing to the imperialistic sway of an old dogma as toa pronounced dif- 
ference in origin between clastic and acid massive rocks, these regrowths have not 
been allowed to have their legitimate effect in petrological studies. When they 
have been seen in plainly clastic rocks they have been referred to simply as acci- 
dental, marginal enlargements, and when in crystalline or igneous rocks they have 
been explained as secondary zrowths in the original magma prior to consolidation, 
or after effusion as zonal increments after partial resorption, or as renewals of feld- 
spar after partial fusion by a basaltic contact. There seems to be, however, no 
essential difference in the quality of this change from first tolast. The difference 
is one of degree. 

The inference that is to be drawn from a consideration of these successive phases 
in the metamorphism of feldspar relates to the genesis of granite and its allies. If 
it be true, in one instance only, that a granite can be shown to originate in this 
way, it is indicative of a law for the generation of all granites. If it be fourid that 
in many cases the same facts are grouped so as to point to the same law, it is suffi- 
ciently demonstrative of the universality of that law to warrant its adoption and 
incorporation into the petrology of the crystalline rocks. 
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Session or Turspay Eventnc, DecemMBerR 31 


The Society convened at 8.30 o’clock in the College chapel, Anderson 
Hall, for the presidential address. The title of the address was 


OUTLOOK OF THE GEOLOGIST IN AMERICA 
BY THE PRESIDENT, CHARLES D. WALCOTT 


The address is printed as pages 99-118 of this volume. 


Session oF WEDNESDAY, JANUARY 1, 1902 


The Society convened at 9.50 o’clock a m, the President in the chair. 

The report of the Council was taken from the table and adopted with- 
out discussion. 

The Committee on Photographs submitted its report as follows : 


TWELFTH ANNUAL REPORT OF COMMITTEE ON PHOTOGRAPHS 


There have been no additions to the collection of photographs during 
the past year. Early last spring the committee appointed by the Coun- 
cil, consisting of Mr G. K. Gilbert, Mr J. 8. Diller, and myself, made an 
examination of the entire collection and culled out such views as ap- 
peared clearly not to be of value. These comprised about one-third of 
the collection. The remainder, 1,431 prints, have been arranged by 
states and countries in alphabetic sequence and renumbered. A new 
catalog has been prepared, which gives titles of the photographs, their 
size, and the name of their taker, and, as far as possible, the negative 
number by which prints may be ordered. This catalog is now wait- 
ing for negative numbers of several groups of U.S. Geological Survey 
photographs formerly without numbers. These numbers are now being 
arranged by the chief photographer of the Survey, and they will soon 
be supplied. A classified subject-index of all the photographs has been 
prepared for publication with the catalogue. It will afford a ready 
means for the selection of views illustrating many geologic subjects. It 
is believed that the publication* of this new catalog and index will 
add greatly to the usefulness of the colleetion. 


Respectfully submitted. 
N. H. Darton, 


Committee. 


* The catalog and index of photographs is printed asa regular brochure and forms pages 377-474 
of this volume. 
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The report of the Photograph Committee was adopted and the usual 
appropriation of $15 was voted. 

The Auditing Committee reported that the accounts of the Treasurer 
had been found correct, and the Society adopted the report. 

The Council submitted its report on the matter of the proper pronun- 
ciation of the name ‘“ Cordilleran,’ which had been referred to the 
Council at the Washington meeting, 1899. It was recommended that 
the name be pronounced “ Cor-dil-yé-ran.” The report was adopted. 


The first paper of the scientific program was 
GEOLOGY OF SNAKE RIVER PLAINS, IDAHO 
BY ISRAEL C. RUSSELL 
[ Abstract] 


. 

Suggestions in reference to the origin of the Snake River basin. Tertiary lakes. 
Extent and thickness of the Snake River lava and its relation to the Columbia 
River lava. Lack of evidence of fissure eruptions. Presence of numerous extinct 
volcanoes, both on the plains and among the neighboring mountains, which dis- 
charged great quantities of highly liquid lava. Distinction between cinder cones 
and ‘‘lava cones.” The extensive lava flows from the Cinder buttes, which illus- 
trate the mode of origin of the older members of the series of lava sheets to which 
they belong. Corrugated surfaces of recent lava streams passing into hollow pressure 
ridges. Origin of the characteristic ridges on the surfaces of the older Java sheets. 
Characteristics of lava flows which entered water bodies. Lava caves formed by 
the arching of a viscous crust on a lava stream, due to lateral pressure; to outflow 
of liquid lava from beneath a rigid crust; and to the blowing out of plastic lava by 
steam during the formation of parasitic cones. Evidence that ‘‘aa” surfaces are 
due to the breaking of a brittle crust on a lava stream on account of an underflow 
of still plastic lava. The canyon of Snake river; influence of lava sheets on its 
topography. Great springs on the northern side of Snake River canyon below 
Shoshone falls. The classification of springs. The term ‘‘ canyon spring” defined. 
Remarkable spring-formed alcoves or small side canyons in the northern wall of 
Snake River canyon. 


The paper was discussed by B. K. Emerson and J. E. Wolff. An 
abstract is printed in Science, volume xv, January 17, 1902, pages 85-86, 
the report of which the paper presented is a partial abstract, forms Bul- 
letin no. 199 of the U. S. Geological Survey. 


The two following papers were presented together and discussed as 
one, the second paper being a series of lantern illustrations : 


STRATIGRAPHY AND STRUCTURE LEWIS AND LIVINGSTONE RANGES, MONTANA 


BY BAILEY WILLIS 


3-49) 


This paper is printed as pages 305-352 of this volume. 
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PHYSIOGRAPHY OF THE NORTHERN ROCKY MOUNTAINS 
BY BAILEY WILLIS 
The two papers were discussed by A. P. Coleman, C. D. Walcott, and 
the author. 
The fourth and last paper of the morning session was 
WALLS OF THE COLORADO CANYON 
BY W. M. DAVIS 
[ Abstract] 


The general profile of the canyon walls depends on rock structure, and not on a 
pause in the elevation of the plateaus. The variation of profile from the narrow 
canyon in the Uinkaret plateau to the wide canyon in the eastern Kaibab is due 
to variation in the «character of the strata. The pattern of spurs and recesses 
varies with stage of dissection. The pattern commonly seen in the Red-wall cliffs 
is repeated in the Tonto cliffs where the latter are much worn. The pattern 
usually seen in the Tonto is repeated in the Red-wall where it is less worn. Brief 
mention is made of details connected with the unconformities seen in the canyon 
walls. 


temarks were made by the President. 


The Society adjourned for the noon recess and reconvened at 2.30 pm 
when the following paper was read : 


ROCK BASINS OF HELEN MINE, MICHIPICOTON, CANADA 
BY A. P. COLEMAN 
The paper is printed as pages 293-304 of this volume. 
The second paper was 
EFFECT OF SHORELINE ON WAVES 
BY W. M. DAVIS 
[Abstract] 


The paper described the transformations of waves as they run in on shorelines 
of different forms, with special reference to the refraction of waves on headlands 
and in bays, and to the formation of surf. 


The third paper was 
VARIATION OF GEOTHERMAL GRADIENT IN MICHIGAN 
BY ALFRED C. LANE 
[ Abstract] 


The rate of increase of temperature observed in deep mines and borings has 
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attracted attention from time to time,* mainly in connection with the exception- 
ally low gradient of the copper country. Temperature observations from various 
parts of Michigan were given, which will be given more fully in the Annual Report 
of the State Geologist of Michigan for 1901. 

Characteristic figures are the following: 

In the copper country, where the mean annual air temperature is 49 degrees 
Fahrenheit or below (38.6 degrees), the temperature increases from 43 + degrees 
at 112 feet to 87 degrees at 4,900 4- feet. 

The gradient is somewhere about i degree Fahrenheit in 107 to 115 feet. In the 
deepest mine at Ishpeming the highest temperature obtained in July, in the 
nineteenth level, 900 feet below the surface, was 51 degrees. The mean air and 
100-foot temperature are not far from the same, as in the copper country. 

At Cheboygan we have: Mean air temperature, 41.6 degrees ; at 408 feet (mainly 
through drift, flow of water), 51.8 degrees; at 1,360 feet, 61.6 degrees; at 2,700 feet, 
73 degrees.. 

At Bay City we have from a mean air temperature of 45.4 degrees Fahrenheit 
and temperature of first flows at 102 feet of 47 degrees a rise to 97 degrees Fahren- 
heit at 3,455 feet. 

At Grayling, from a mean air temperature of 43.4 degrees, we have a rise to 95.9 
degrees at 2,600 feet, the most of this in the upper part, which was drift. 

At Muskegon the mean air temperature is 46.8 degrees. The temperature of 
numerous flowing wells from the top of the bed rock at 240 feet is 53 to 53.5 de- 
grees. In a well (Ryerson’s salt well, abandoned, plugged at 1,200 feet) we have 
53.2 degrees at 240 feet, 58.7 degrees at 650 feet, and 67.2 degrees at 1,150 feet. 

The facts seem to point to a difference of air and soil temperature, due to the 
blanketing effect of snow, of half a degree to 4 degrees, according to location, and 
a gradient in surface deposits of 1 degree in 49 feet, more or less, in shale of 1 de- 
gree in 60, and in sandstone of | degree in 60 to 70 feet, while in limestone, trap 
and the denser rocks it is 1 degree to 100 feetand more, the denser and less porous 
rocks having greater diffusivities and lower gradients. 

Tabulation of standard results on rock diffusivity seems to show that the density 
is the most important factor in diffusivity. Contradictory obsertations on rock- 
salt may be due to a diathermic effect which had not been eliminated. 


The following two papers were read and discussed together : 


ORIGIN AND DISTRIBUTION OF THE LOESS IN NORTHERN CHINA AND CENTRAL 
ASIA 


BY G, FREDERICK WRIGHT 


This paper is printed as pages 127-158 of this volume. 
*J. D. Everett, Report of Committee of British Association. 
H. A. Wheeler, Am. Jour. Sci., vol. 32, 1886, pp. 125-137. 
A. C. Lane, Mineral Industry, vol. 4, 1895, p. 767. 
A. Agassiz, Am. Jour. Sci., vol. 50, 1895, p. 503. 
A. C. Lane, Am. Jour. Sci., vol. 9, 1900, p. 435, and Annual Report for 1901 to the Board of Geo- 
logical Survey of Michigan, p. 244. 
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AGE OF LAKE BAIKAL 
BY G. FREDERICK WRIGHT 
[ Abstract. ] 


The region below lake Baikal is covered with strata of Tertiary (and possibly 
Triassic) age, containing coal. These beds are derived from the sediments which 
were carried by now existing streams into the basin from the surrounding moun- 
tains before the present lake came into existence. At the estimated rate of ero- 
sion, the entire lake would be filled in 400,000 years, whereas it is not a quarter 
full, and probably not one-tenth full. The age of lake Baikal is perhaps 100,000 
years or less. That this region was formerly connected with the sea is shown by 
the species of seal found in lake Baikal, which are also found in the Caspian sea, 
Other evidence of recent submergence followed by reélevation exists. A period of 
increased precipitation caused the freshening of all the waters of the inland lakes 
of this region. 


Remarks were made on the papers by W. B. Scott. 


Announcements were made by the Secretary regarding the dinner to 
occur in the evening, the reception tendered to the Society by the presi- 
dent of the University on Thursday evening, the local geological excur- 
sions suggested, if time allowed, and the new titles of papers added to 
the program. 

The following paper was read by the senior author: 

SOME ANTICLINAL FOLDS 
BY T. C. HOPKINS AND MARTIN SMALLWOOD 
[ Abstract. } 

A number of unique folds occur in several small and rather deep ravines in the 

vicinity of Meadville, Pennsylvania. They are of limited extent, both vertical and 


linear, and so far as known occur only in the bottom of the ravines. The relation 
of the folds to certain land-slip terraces suggests a cause for these folds. 


Remarks were made by I. C. White, A. P. Brigham, I. C. Russell, J. J. 
Stevenson, and Mr C. J. Sarle, a visitor. 
The following two papers were read and discussed as one: 
DISTRIBUTION OF THE INTERNAL HEAT OF THE EARTH 
BY T. C. CHAMBERLIN 
[ Abstract] 


Assuming that Barus’s law relative to the melting point of diabase under varying 
pressure is valid when extended to all the pressures and temperatures of the 
earth’s interior, and assuming also that diabase is in this respect representative of 
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the material of the earth’s interior, the paper discussed the primitive distribution 
of the earth’s interior heat under both the gaseous and the planetary modes of 
aggregation, and drew certain tentative deductions relative to the possible conse- 
quences of the secular redistribution of this heat. 


HAS THE RATE OF ROTATION OF THE EARTH CHANGED APPRECIABLY DURING 
GEOLOGICAL HISTORY? 


BY T. C. CHAMBERLIN 
[Abstract] 


Since the classic computations of George Darwin relative to the tidal relations of 
the earth and moon, the doctrine of a high rate of terrestrial rotation in early geo- 
logic times has been widely accepted and has been made the basis of deductions 
relative to other important questions. The paper attempted to test the validity 
and quantitative applicability of this tenet by means of geologic phenomena, es- 
pecially those of crustal deformation and the relations of sea to land. 


The Society adjourned. No evening session was held, but the Fellows, 
with invited guests, had the annual dinner at the Whitcomb house. 


Session oF THURSDAY, JANUARY 2 


The Society convened at 10 o’clock, Vice-President Winchell in the 
chair. No business was offered and the reading of papers was resumed. 
The first two papers were read and discussed as one. 


(SE OF THE TERMS LINDEN AND CLIFTON LIMESTONES IN TENNESSEE GEOLOGY 
BY AUGUST F. FOERSTE 
[ Abstract] 


The Lower Helderberg was named in Tennessee from its exposure at Linden, 
vhere it is but 12 feet thick, while the maximum thickness is between 75 and 100 
fet. The advisability of naming a formation from its place of minimum exposure 
vas questioned. The faunal and stratigraphic characters were given. 


BEARING OF CLINTON AND OSGOOD FORMATIONS ON AGE OF CINCINNATI 
ANTICLINE 


BY AUGUST F. FOERSTE 
[ Abstract] 


In continuation of former studies the author developed his interpretation of the 
fincinnati anticline. The Devonian axis of the anticline is northeast and south- 
rest, while the topographic axis is north and south. The Clinton strata over the 
entral part of the anticline are coarse lime-sands with wave-marks and cross- 
‘edding, and beds of conglomerates. North and south of this area the material is 
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AGE OF LAKE BAIKAL 
BY G. FREDERICK WRIGHT 
[ Abstract. ] 


The region below lake Baikal is covered with strata of Tertiary (and possibly 
Triassic) age, containing coal. These beds are derived from the sediments which 
were carried by now existing streams into the basin from the surrounding moun- 
tains before the present lake came into existence. At the estimated rate of ero- 
sion, the entire lake would be filled in 400,000 years, whereas it is not a quarter 
full, and probably not one-tenth full. The age of lake Baikal is perhaps 100,000 
years or less. That this region was formerly connected with the sea is shown by 
the species of seal found in lake Baikal, which are also found in the Caspian sea. 
Other evidence of recent submergence followed by reélevation exists. A period of 
increased precipitation caused the freshening of all the waters of the inland lakes 
of this region. 


Remarks were made on the papers by W. B. Scott. 


Announcements were made by the Secretary regarding the dinner to 
occur in the evening, the reception tendered to the Society by the presi- 
dent of the University on Thursday evening, the local geological excur- 
sions suggested, if time allowed, and the new titles of papers added to 
the program. 


The following paper was read by the senior author: 
SOME ANTICLINAL FOLDS 
BY T. C. HOPKINS AND MARTIN SMALLWOOD 
[ Abstract. } 


A number of unique folds occur in several small and rather deep ravines in the 
vicinity of Meadville, Pennsylvania. They are of limited extent, both vertical and 
linear, and so far as known occur only in the bottom of the ravines. The relation 
of the folds to certain land-slip terraces suggests a cause for these folds. 


temarks were made by I. C. White, A. P. Brigham, I. C. Russell, J. J. 
Stevenson, and Mr C. J. Sarle, a visitor. 


The following two papers were read and discussed as one: 
DISTRIBUTION OF THE INTERNAL HEAT OF THE EARTH 
BY T. C. CHAMBERLIN 
[ Abstract] 


Assuming that Barus’s law relative to the melting point of diabase under varying 
pressure is valid when extended to all the pressures and temperatures of the 
earth’s interior, and assuming also that diabase is in this respect representative of 
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the material of the earth’s interior, the paper discussed the primitive distribution 
of the earth’s interior heat under both the gaseous and the planetary modes of 
aggregation, and drew certain tentative deductions relative to the possible conse- 
quences of the secular redistribution of this heat. 


HAS THE RATE OF ROTATION OF THE EARTH CHANGED APPRECIABLY DURING 
GEOLOGICAL HISTORY? 


BY T. C, CHAMBERLIN 
[ Abstract] 


Since the classic computations of George Darwin relative to the tidal relations of 
the earth and moon, the doctrine of a high rate of terrestrial rotation in early geo- 
logic times has been widely accepted and has been made the basis of deductions 
relative to other important questions. The paper attempted to test the validity 
and quantitative applicability of this tenet by means of geologic phenomena, es- 
pecially those of crustal deformation and the relations of sea to land. 


The Society adjourned. No evening session was held, but the Fellows, 
with invited guests, had the annual dinner at the Whitcomb house. 


Session oF THurspDAY, JANUARY 2 


The Society convened at 10 o’clock, Vice-President Winchell in the 
chair. No business was offered and the reading of papers was resumed. 
The first two papers were read and discussed as one. 


USE OF THE TERMS LINDEN AND CLIFTON LIMESTONES IN TENNESSEE GEOLOGY 
BY AUGUST F. FOERSTE 
[Abstract] 


The Lower Helderberg was named in Tennessee from its exposure at Linden, 
where it is but 12 feet thick, while the maximum thickness is between 75 and 100 
feet. The advisability of naming a formation from its place of minimum exposure 
was questioned. The faunal and stratigraphic characters were given. 


BEARING OF CLINTON AND OSGOOD FORMATIONS ON AGE OF CINCINNATI 
ANTICLINE 


BY AUGUST F. FOERSTE 
[Abstract] 


In continuation of former studies the author developed his interpretation of the 
Cincinnati anticline. The Devonian axis of the anticline is northeast and south- 
west, while the topographic axis is north and south. The Clinton strata over the 
central part of the anticline are coarse lime-sands with wave-marks and cross- 
bedding, and beds of conglomerates. North and south of this area the material is 
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a fine lime mud. The paper discussed the relation of these features to those 
formerly described. 


In discussion of the two papers remarks were made by J. M. Clarke, 
I. C. White, H. M. Ami, B. K. Emerson and the author. 


The next paper was 


PALEONTOLOGICAL COLLECTIONS OF THE GEOLOGICAL DEPARTMENT OF 
THE AMERICAN MUSEUM OF NATURAL HISTORY 


BY EDMUND OTIS HOVEY 
[ Abstract] 


The geological department of the American Museum of Natural History com- 
pleted in December, 1901, the publication of the catalogue of the type and figured 
specimens in its possession, by R. P. Whitfield, assisted by the author of the 
present note. This work has been under way for several years, and in its pub- 
lished form makes up a book of more than five hundred pages, forming volume xi 
of the Bulletin of the Museum. This is one of the oldest departments of the 
Museum and its chief possession is the great James Hall collection, which it ac- 
quired in 1875, and which placed it at’ once in the front rank of American 
museums containing similar material. This collection will always be the standard 
reference series for all workers in North American Paleozoic paleontology, since 
it contains a very large proportion of the specimens described and figured by Pro- 
fessor Hall in the course of his work on the “ Paleontology of New York” up to 
the time of its purchase by the American Museum. From time to time the de- 
partment has received other collections, through exchange and other means, but 
with the exception of the Holmes collection, they contain few types, aside from 
such as have been made in the publications of the Museum since their acquisition. 
Most of the ‘‘ figured specimens” in the collections of the department are those 
which were identified, redescribed, illustrated, and published by Professor Hall 
in the Paleontology of New York, and therefore they have almost the dignity and 
value of types. 

The paper then mentioned in detail the special features of the various portions 
of the collection, and concluded by saying the catalog had been issued in four 
parts : 

Part 1, including the Cambrian and Lower Silurian forms, was issued in July, 
1898. 

Part II, containing the Upper Silurian specimens, was issued in October, 1899. 

Part III, comprising the Devonian forms, came out in October, 1900. 

Part LV, listing the specimens from the Lower Carboniferous to the Quaternary, 
inclusive, and the index, preface, and table of contents of the whole volume, 
bears date of December 27, 1901. 

This work has determined that there are in this department of the Museum at 
least 6,166 type specimens, representing 2,222 species and 71 varieties, and 2,179 
figured specimens, not types, representing 499 species and 119 varieties. Three- 
fourths of this material has come from the Paleozoic systems above the Cambrian. 


The paper will be published in full in the Journal of Geology. 
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108e The fourth paper was the following: 


MESO-CARBONIFEROUS AGE OF THE UNION AND RIVERSDALE FORMATIONS, 
‘ke, NOVA SCOTIA 


BY H. M. AMI 
[ Abstract] 


For many years it was taken for granted that the highly fossiliferous beds of 


: carbonaceous shales, etcetera, known as “ the fern ledges ” of New Brunswick were 
of Devonian age, although the character of the flora, even at first sight, is one of 
decidedly Carboniferous facies. The eighty or more species representing the flora 
of that period are preeminently Carboniferous, and recently Dr David White has 
recorded no less than seventeen species of Pottsville forms which came originally 

‘om- from the “‘ fern ledges.’’ The Lancaster formation of the author was defined as 

ired that series of strata which held this very characteristic flora, and it is capped by 

the another Carboniferous formation consisting of red shales and conglomerates, with 
pub- but few species occurring therein; to which formation the designation Mispeck 
1e xi formation of New Brunswick was applied. These two formations, the Lancaster 

‘the and the Mispeck, find their equivalents in the Union and Riversdale of Nova 

L ace Scotia, which Sir William Dawson always held to be of Middle Carboniferous age 

ican (Middlestone grit). 

lard The main argument advanced by those who held that these four Middle Carbon- 

‘ince iferous formations were ‘‘ Devonian’? was based on the supposition that the Lower 

Pro- Carboniferous limestones rested unconformably on these same or equivalent 

p to formations. 

 de- In two of the crucial localities in Nova Scotia visited by the writer some time 

but ago, where Carboniferous shale rested unconformably on shales, etcetera, it has 
from been ascertained beyond a doubt that in one instance (at West bay, near Partridge 
tion. island and Parrsboro, in Cumberland county, Nova Scotia) the Carboniferous lime- 
hose stone proved, on examination of the organic remains entombed in them, to be of 
Hall true and undoubted Upper Carboniferous age and not Lower Carboniferous, while 
and in the other instance (in the MacArras Brook region of Nova Scotia, where the 

“Lower Carboniferous” strata rested unconformably on the so-called “ rocks of 
tions Union,’’ or Union formation) the writer finds that the subjacent strata are in no 


four sense equivalent to the rocks of the Union formation at all (as they are developed 
at the type locality near Union station, on the Intercolonial railway, just below 
July, Riversdale). The Lower Carboniferous strata at MacArras brook rest unconform- 
ably on the upturned edges of the lowest Devonian of that region, as the fossil 
399. evidence obtained very clearly showed.* The Knoydart formation of Eo-Devonian 
age, as seen and developed at MacArras brook, contains a fauna which is so nearly 
nary, allied and identical with that of the lower ‘‘ Old Red Sandstone” strata of Scotland 
ume, and Great Britain generally that the two can very well be classed as homotaxial 
and belonging to the same period in the history of the earth’s crust—an horizon 
m at § or formation which had not been previously recorded in America, and which 
2,179 | nevertheless occupies a definite position, not at the summit of the Devonian, as 
hree- J some geologists would have us believe, but indeed at the very bottom of the system 
rian. | or division of the time-scale. 


*See Bull. Geol. Soe, Am., vol. 12, 1901, pp. 301-312, pl. 26, 


534 PROCEEDINGS OF THE ROCHKSTER MEETING 


The error of correlating the rocks of MacArras brook with those of Union has 
led to confusion, and the paleontological evidence which has been obtained by the 
writer in both series of strata has conclusively shown that the one (Knoydart 
formation) indicates a typical ‘‘ Old Red Sandstone” fauna that is in lowermost 
Devonian in age, while the other formation is distinctly referable to the Middle 
Carboniferous, being associated with and intimately related to the ‘rocks of 
Riversdale,” containing a typical Meso-Carboniferous flora and fauna, which 
opinion Messrs R. Kidston, Professor David White, Dr Wheelton Hind, Professor 
Charles Brongniart, and Dr Henry Woodward and others have shared with the 
writer. The fact that these ‘“ rocks of Union” and the “ rocks of Riversdale” had 
for so many years been referred to the Devonian by Canadian geologists led the 
writer to seek diligently for Devonian types and forms in those strata, and it must 
be distinctly stated here that I utterly failed to obtain any horizon markers of 
Devonian aspect in the true rocks of Union and of Riversdale. All types found 
were of decidedly Carboniferous facies and well up in that system. The fossil 
plants, the fossil fishes, the crustacea, the insects, etcetera, all pointed to an hori- 
zon of Meso-Carboniferous age, and there we are constrained to place them. 

I desire here to correct an error made by myself in following and accepting 
without verification the statement made by stratigraphical geologists that the 
‘*rocks of Union” and the ‘‘ rocks of Riversdale’’ were always found overlaid by 
the marine limestones of the ‘‘ Lower Carboniferous,’ and were therefore older. 
On the contrary, I find that the so-called ‘‘ rocks of Union,” as they are developed 
at MacArras brook, are the only strata that can in any sense be referred to the 
Devonian ; in which instance it so happens that these so-called ‘“‘ rocks of Union” 
are not at all the same as those of the Union formation proper. This error on my 
part in taking for granted that all the strata were one and the same formation, 
and which had been referred to the ‘‘ rocks of the Union”’ and the “‘ rocks of the 
Riversdale’’ as unconformably below the limestones of the Lower Carboniferous, 
as the stratigraphical geologists had said, led me to make the further statement 
that the ‘‘ rocks of Union”’ and the ‘‘ rocks of Riversdale” were Eo-Carbonifercus 
in age.* In referring these strata to the Carboniferous, I was guided by the fossil 
remains entombed in them, whereas I was misled by the succession as given by 
the stratigraphical geologists without any qualifications. It was only when the 
faunas of the Knoydart formation from the so-called ‘‘ rocks of Union” in the 
MacArras Brook region were obtained and determined by Dr A. Smith Woodward 
and Dr Henry Woodward and others, that the confusion that had existed was 
evident to me, and the necessity for separating these two sets of strata became 
apparent. This led to the separation of the Knoydart formations from their sup- 
posed equivalents, ‘‘ the red rocks of Union.’’ I have no hesitation in saying now 
that the Union and Riversdale formations, as they are developed at the type local- 
ities at the Union and Riversdale in Colchester county, in Nova Scotia, are Car- 
boniferous in age, and are Meso-Carboniferous at that. Further, it is also evident 
that the New Brunswick equivalents of these two formations, namely, the Mispeck 
and the Lancaster formations (the latter sometimes designated as the Little River 
group), can not any longer be classed as Devonian, but as truly Meso-Carboniferous 
formations, with an abundant flora found the world over, and in all countries 
other than Canada referred to as the Middle Carboniferous. 


*See table of formations in Trans. Nova Scotian Inst. Sci., vol. x, 1900, p. 178. 
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The main purpose of this paper is to emphasize the fact of the geological in- 
vestigations made by the writer in the years 1895-1901, during which time he 
obtained a large assemblage of fossil evidence, both of plants and animals, much 
of which has been examined by a number of the leading authorities, and their 
verdict invariably has been in support of the views herein advanced. 


The fifth paper of the session, and the last presented by the author in 
person, was 


ORIGIN OF THE LIMESTONE FAUNAS OF THE MARCELLUS SHALES OF NEW YORK 
BY JOHN M. CLARKE 
[ Abstract] 


The dark Marcellus shales carry a fauna whose members show evidence, both in 
diminutive form and thin shell, of having been surrounded by conditions which 
evince a shallow and befouled sea. In the common and historic employment of 
the term Marcellus shales asan expression of a lithologic unit it has been the usage 
to includé therein such slight variations in sedimentation as these black shales may 
carry with them. There are in the various sections of these beds two well marked 
limestone banks—the one, nearer the base, known as the Agoniatites limestone, 
the other, still higher, as the Stafford limestone. These are persistent over very 
considerable distances, but the former disappears from the strata where the latter 
makes its first appearance—that is, about the meridian of Flint creek, Ontario 
county. In eastern New York the Agoniatites limestone rises to a height above 
the top of the Onondaga limestone of not less than 40 feet. Going westward, it 
apparently approaches the horizon of the Onondaga, and where it makes its final 
appearance as a distinct and identifiable stratum, carrying its characteristic fossils, 
it is less than 10 feet above the Onondaga. From this point westward its position 
may be traced by the appearance of its fossils, the index species Agoniatites expansus 
Hall having been found immediately above the summit of the Onondaga limestone 
at Stony point, south of Buffalo, and actually within the uppermost layers of that 
limestone at Lime Rock, near Leroy. The fauna of this Agoniatite limestone was 
evidently an invader from the west, dating from the closing phase of the Onondaga 
stage. At the time of its appearance the shallow-water Marcellus fauna had in- 
vaded the Appalachian gulf from the southeast and had occupied the eastern field 
for a considerable period. Directly in the train of the Agoniatite fauna followed 
the prenuncial cohorts of the Hamilton fauna. The Agoniatite fauna held the 
footing it had gained, while the latter yielded to unfavorable conditions and tem- 
porarily retired from the field. 

The Stafford limestone lies at an elevation of from 26 to 30 feet above the hori- 
zon of the Agoniatite limestone, and its fauna was an assemblage of typical Ham- 
ilton species. This was also an invader of later date from the west and the second 
preliminary appearance of the Hamilton fauna within the confines of New York 
state. It reached as far eastward as Ontario county, and then retired or was 
driven to extinction by the continued prevalence of typical Marcellus conditions. 
This invasion was thus also unsuccessful, but had the fauna dispersed more widely 
and been able to take and keep possession of the ground which it subsequently 
acquired, Hamilton time and sedimentation would have been a more important 
element in the New York succession. 
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Remarks were made on Dr Clarke’s paper by I. C. White, A. P. Brig- 
ham, and A. W. Grabau. 


In the absence of the authors, the following ten papers were read by 
title, having been carried to the end of the program under the rule: 


NOTES ON MOUNTS HOOD AND ADAMS AND THEIR GLACIERS 
BY HARRY FIELDING KEID 
[Abstract | 


These two mountains belong to the group of volcanic cones which were built up 
in Tertiary times along the line of the Cascade range. Though probably extinct, 
steam and gases still issue in small quantities from cracks at high altitudes. The 
mountains consist of both lava and lapilli, the latter being more abundant on 
mount Hood and the former on mount Adams. Some lava flows exist on the 
slopes of the mountains, whose age is probably not more than a few hundred 
years. A number of parasitic cones are found on the flanks of mount Adams, two 
at least with well-marked craters. 

Mount Hood has no parasitic cones. About one-half of the original crater wall 
of Hood still remains, the southern half having disappeared. A rock, known as 
Crater rock, stands up through the snow in about the center of the original crater. 
The summit of Adams is long and broad and does not outline a crater. The 
stratification seen in the cliffs on the sides of the mountain suggests that there 
were several craters, which may have been active at the same time or successively. 

Many interesting glaciers cover thé slopes of both mountains, but they are not 
sunk in valleys. In several cases the depressions outside the lateral moraines 
are apparently quite as deep as the bed of the glacier, and the canyons formed 
below the ends of the ice are deeply eroded, in strong contrast to the ice-covered 
parts of the mountains. It is evident that the main erosion on these mountains 
has been done by water, and that the ice and snow, by preventing the concentra- 
tion of the water, have acted rather to prevent erosion. 

There is little indication of a much greater extension of the glaciers of Hood in 
former times, but on Adams glacial scratches abound in positions which could not 
be reached by the present glaciers except by a very great increase in size. 


NERWATIN AND LAURENTIDE ICE-SHEETS IN MINNESOTA 
BY A. H, ELFTMAN 
[ Abstract] 


Evidence was presented to show that the glacial drift of the upper Mississippi 
River valley was deposited by independent lobes of the Keewatin and Laurentide 
ice-sheets, alternating in their advance and retreat. Minnesota was first invaded 
by a lobe of the Keewatin ice-sheet. This extended from the northwest to the 
southeast into Iowa and eastward to Wisconsin, deposited the Kansan and earlier 
drift-sheets, and formed a glacial lake in the Saint Croix valley north of Taylors 
falls. The retreat of this ice was followed by a marked interglacial period. 

The second great ice invasion, the Iowan, came from the northeast. The Rainy 
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Lake and Lake Superior lobes of the Laurentide ice-sheet extended to western 
Minnesota, and the latter lobe was deflected southward into Iowa. This ice does 
not appear to have retreated beyond the limits of Minnesota., and was followed 
by a comparatively short interglacial period. 

During the third invasion, the Wisconsin, the Minnesota lobe of the Keewatin 
ice-sheet advanced from the northwest across central Minnesota into Iowa. At 
the same time the lobes from the Lanrentide ice-sheet advanced southwestward 
until, in several localities, they reached the northeastern limit of the Minnesota 
lobe. The final retreat of the three lobes was contemporaneous, forming glacial 
lakes and numerous moraines. A new mapping of the moraines in Minnesota is 
presented in support of the views advanced. The Rainy Lake lobe was divided 
into the Red Lake and Leech Lake lobes; the Lake Superior lobe was divided 
into the Mille Lacs and Saint Croix lobes, and the Minnesota lobe sent a promi- 
nent lobe, the Chisago lobe, northeastward to the Saint Croix river. 


DEVONIAN INTERVAL IN MISSOURI 
BY R. KEYES 
This paper is printed as pages 267-292 of this volume. 
DEVONIAN FISH FAUNA OF IOWA 
BY R. EASTMAN 


[ Abstract] 


During the last four decades important collections of fossil fish remains from 
the Middle and Upper Devonian of Iowa have been brought together by Messrs 
0. Saint John, C. A. White, Samuel Calvin and his assistants on the Iowa Geological 
Survey, C. L. Webster, and others. The greater part of these collections being 
now deposited in the Museum of Comparative Zoology at Cambridge, exceptional 
facilities have been enjoyed for investigating the structure and variations of the 
species represented and for studying the assemblage as a whole in its relations to 
other faunas. In particular, the Upper Devonian ‘‘ state quarry fish-bed ” discov- 
ered by Professor Calvin has yielded rich material for study, the results of which 
are embodied in this paper. The most general conclusion that can be drawn is 
that the Hamilton piscine fauna of Wisconsin, Iowa, and Illinois is so closely 
related to the Corniferous of Ohio and New York as to stamp it as merely a later 
and western phase of the former, the two together corresponding to the Middle 
Devonian fish fauna of the Eifel, Bohemia, and Russia. Migrations from the 
Canadian province on the east do not seem to have taken place until the Chemung 
epoch, with which the peculiar faunas of the state quarry and Sweetland Creek 
beds appear to be contemporaneous. 


FORMER EXTENT OF THE NEWARK SYSTEM 
BY W. H. HOBBS 


This paper is printed as pages 159-148 of this volume. 
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GEOLOGICAL SECTION OF THE ROCKY MOUNTAINS IN NORTHERN ALASKA 
BY FRANK C, SCHRADER 
This paper is printed as pages 233-252 of this volume. . 
GEOLOGICAL RECONNAISSANCES IN SOUTHEASTERN ALASKA 
BY ALFRED H. BROOKS 
This paper is printed as pages 253-266 of this volume. 


COPPER-BEARING ROCKS OF VIRGILINA COPPER DISTRICT, VIRGINIA AND 
NORTH CAROLINA 


BY THOMAS L. WATSON 
This paper is printed as pages 353-376 of this volume. 
CUTTYHUNK ISLAND 
BY F. P. GULLIVER 
[ Abstract] 


Cuttybunk island had an initial form of irregularly heaped mounds and kettles 
characteristic of a terminal moraine. The last movement of the land left several 
islands, which have since been tied together to form one continuous land-mass. 
The tombolo at the western end of Cuttyhunk pond isa type example of this class 
of coastal forms showing early nip now grassed over, cliffs, pebble beach, and a 
protected harbor now filling up. 


MOHOKEA CALDERA ON HAWAII 


BY C. H. HITCHCOCK 
As the program had been completed during the morning, the Secre- A 
tary announced appointments for short excursions in the afternoon to Kin 
the gorge of the Genesee river and to other localities about Rochester. ada, 
It was also announced that a reception would be tendered the Society 
by the president and trustees of the University of .Rochester, at the 
president's house, from 8 to 10 o’clock p m. 
The following resolution was offered by Professor B. K. Emerson, and, 
after remarks by Professor A. P. Coleman, was unanimously adopted : Tl 
“Resolved, That the Geological Society of America extends its very cordial was 
thanks to the President and Trustees of the University of Rochester and to the roon 
authorities of Ward's Natural Science Establishment and to the citizens of Roch- I 
ester for the hospitality so kindly extended to the Society ; also special thanks to 
the Professor of Geology of the University, who has added to his duties as our Tur 
Secretary those of a host.’’ TI 
TI 
The Society then adjourned. tion: 
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OF THE RocuestER Meerine, 1901 


The following Fellows were in attendance at the meeting: 


F. D. Apams. EK. O. Hovey. 
H. M. Amt. J. P. Ippines. 
FLORENCE Bascom. H. B. KimMMeEL, 
I. P. Bisuopr. A. C. LANE. 
A. P. BrigHam. F. J. H. Merrie. 
T. C. CHAMBERLIN. F. B. Peck. 
W. B. Crark. W. N. Rice. 
J. M. CLarke. I. C. Russet. 
A. P. CoLEMAN. W. B. Scorr. 
W. M. Davis. J. STanLey-Brown. 
R. E. Dopee. J. J. SrevENSON. 
B. K. Emerson. F. B. Taytor. 
H. L. Cc. D. Wacorr. 
A. F. Foerster. L. G. WESTGATE. 
G. K. GILBERT. I. C. Wurre. 
A. GILL. H. S. WILvraMs. 
A. W. GraBau. BaILEY WILLIs. 
J. A. N. H. WINcCHELL. 
T. C. Hopkins. J. E. 
G. F. Wricur. 
Total attendance, 39. 
Among the visitors were Professor W. G. Miller, School of Mining, 
Kingston, Ontario; Mr R. W. Brock, of the Geological Survey of Can- 
ada, and Professor George H. Perkins, University of Vermont. 
Session OF THE CoRDILLERAN Secrion, Monpay, Drcemper 30 
The third annual meeting of the Cordilleran Section of the Society 
l was called to order at 10.30 a m, December 30, 1901, in the council- 
, room of the California Academy of Sciences, San Francisco, 


In the absence of the Chairman, Professor W. C. Knight, Mr H. W. 
Turner was elected temporary chairman. 

The minutes of the last meeting were read and approved. 

The action of the Council of the Society adopting rules and regula- 
tions governing the Cordilleran section was reported by the Secretary. 


LXXVII—Buut. Grou. Soc. Am., Vor. 13, 1901 
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Professor A. C. Lawson was named by the chairman a committee of 
one to draft suitable resolutions with reference to the death of Professorg 
’ Joseph Le Conte and E. A. Claypole. 


The Section, on motion, instructed the Secretary to send a telegram 
? of greeting to the Geological Society in session at Rochester, New York, 


An election for officers for the ensuing year was then held, resulting 
in the election of Mr H. W. Turner as Chairman of the Section and 
Mr A. C. Lawson as Secretary. 

The Secretary was instructed to prepare a list of members of the 
: Section—that is, of Fellows residing in North America west of the 104th 

meridian. 
An Executive Committee, consisting of the Chairman of the Section, 
the Secretary, and Professor J. C. Merriam, was appointed to care for 
the interests of the Section when not in session. 


The following papers were then read : 


AN INSTANCE OF VARIABILITY IN A ROCK MAGMA 


BY 


H, W. TURNER 


Abstract published in Science. 


POST-TERTIARY ELEVATION OF THE SIERRA NEVADA 


BY H. W. TURNER 


In the Yosemite quadrangle only one of the Neocene streams, the Tuolumne, cat 
be traced by its gravels. The reason of this is that only in the Tuolumne basif 
were there extensive lava flows, which filled the Neocene drainage and preserved 
the gravels underneath. Even here the gravels and overlying lavas have beet 
largely eroded. 

The Neocene channel can be traced from the ridge east of Piute creek, west t 
the north of Rancheria mountain, thence down Deep canyon, from which point it 
may have gone down Rancheria creek or over through what is now Tiltill valley, 
thence over the site of the Hetch Hetchy, reaching the south side of the present 
Tuolumne canyon to the west of Hog ranch. The bench, with an altitude of about 
8,000 feet to the east of Rodgers canyon, pretty certainly represents a portion of thé 
Neocene Tuolumne basin, but except near Rodgers creek the lava covering has beet 


entirely removed. 

Going west we find the lava covering well preserved on the spur east of Piuté 
creek, but no gravels are exposed, but the V-shaped channel is clearly evident om 
the slope toward Piute creek. To the west of this creek is an even better section 
ri of a lava-filled, V-shaped channel, and in this case the river gravels are to be seem 
perhaps 50 feet in thickness at the bottom of the channel. A short tunnel was ral 
in here many years ago, presumably for placer gold in the gravel. Besides abun 
dant lava pebbles, there are numerous pebbles of slate and metamorphic lavas 
such as make up the mass of mount Dana, and one pebble was found of epidotifer 
ous sandstone, precisely like the rock of the summit of Dana. 
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A view of this cross-section of the old Neocene Tuolumne channel is given on 
» plate 58. 

Since between this locality and mount Dana the bed rock series is all granite, it = 
) appears probable that in Tertiary time, as now, the Tuolumne river headed near 6 
»mount Dana. Where Rancheria creek runs through Deep canyon, it has but a { 
) slight grade, which is probably nearly the grade of the Neocene Tuolumne, which 
/ formerly passed through it. The water for considerable stretches is quite still 
» late in summer, when the flow is small. 4 

Although none of the gravels or the lavas of the Neocene Tuolumne basin are to ih 
"be found between Rancheria mountain and a point north of Poopenaut valley, — 
" nevertheless the approximate course of the channel is not a matter of doubt. 

The configuration of the country is such that the river must, as before noted, 
have either gone down Rancheria creek or over the site of Tiltill valley, thence 4 
westward over the site of the Hetch Hetchy. The lava patches on the ridge north a 
of Poopenaut valley are presumed to rest on a portion of the slope of the Neocene | 
Tuolumne basin, and the same is true of the lava area 3 miles west of Poopengut 
valley, and the gentle slopes of the ridge in this vicinity are doubtless a portion of 
the same basin. The next point where the lavas are preserved is about 4 miles 
westerly from Hog ranch. From there still farther westward there are other lava 
patches, some of them capping river gravels. 

On Rancheria mountain, resting on andesite-tuff, and apparently capped by the : 
compact lava (latite) adjoining, is some gravel containing pebbles of augite- a 
andesite, pegmatite, quartz. This evidently represents a stream of the volcanic a 

. period, and later in age than the gravels above described. 

The most western point where the gravels of the Neocene Tuolumne have been 
preserved is east of the head of Big Humbug creek, in the Sonora quadrangle, and 
the most eastern Piute canyon. If now we calculate the average grade of the 
Tertiary stream between these two points, and the average grade of the present 
river between the same points, we can compare the grades of the two streams. 
The altitude of the Neocene Tuolumne gravels at Big Humbug creek is about 2,800 
feet, and at Piute canyon 7,500 feet, giving a difference of 4,700 feet. The altitude 
of the present Tuolumne north of Big Humbug creek is 1,500 feet, and at Pate val- 
ley, at the mouth of Piute creek, 4,550, giving a difference of 3,050 feet. The hori- 
zontal distance between the two points is about 33 miles. 

Assuming that both the Neocene and the present streams took a direct course, 
we have a grade of 142 feet to the mile for the Neocene channel and a grade of 92 
feet to the mile for the present channel. While the Neocene river occupied a 
rugged canyon, nevertheless this canyon was much less deep and rugged than that 
of the present Tuolumne, which implies, other things being equal, a higher grade 
for the present than for the Neocene channel, while, as we have seen, the reverse 
is the case. The broad channels and large sand and gravel deposits of the Neo- 
cene streams of the Sierra farther north can scarcely be explained on any other 
hypothesis than of comparatively gentle grades indicating an old age for the 
streams, and this must have been likewise true of the Neocene Tuolumne, although 
in less degree. 

Assuming that the Neocene Tuolumne had originally a grade at least as low as 
that of the modern stream, which is evidently yet 1 young stream, it is clear that 
the present grade of the Neocene channel must have been brought about by a dif- 
ferential uplift on the east, resulting in a tilting of the range westward, 
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After discussion of these papers the Section adjourned to meet at the 
rooms of the Geological Department of the University of California at 
2 o'clock p m. 

At 2 o’clock p m the Section resumed its session at South Hall, 
Berkeley, and proceeded with the reading and discussion of the following 
papers : 

TRIASSIC REPTILIA FROM NORTHERN CALIFORNIA 
BY JOHN C. MERRIAM 


. This paper has been published under a different title as Bulletin of 
the Department of Geology, University of California, volume 3, number 4, 
pages 63-108. An abstract is printed in Science, volume xv, page 411, 
March 14, 1902. 


ORE DEPOSITS OF SHASTA COUNTY, CALIFORNIA 

BY F. M. ANDERSON * 

‘Abstract published in Science. 

LAKE QUIBERIS, AN ANCIENT PLIOCENE LAKE IN ARIZONA 
BY W. P. BLAKE * 
Abstract published in Science. 
AN ORBICULAR GABBRO FROM SAN DIEGO, CALIFORNIA 

BY ANDREW C. LAWSON 


This paper will appear as a bulletin of the Department of Geology, 
University of California. 


The following papers were read by title: 
THE EOCENE OF THE HUERFANO BASIN OF COLORADO 
BY R. C. HILLS 
Abstract published in Science. 
COAL FIELDS OF SOUTHERN UINTA COUNTY, WYOMING 
BY WILBUR C. KNIGHT 
[ Abstract] 


The valuable coal fields in southern Uinta county, Wyoming, belong to two dis- 
tinct and widely separated geological horizons. This section of the state has been 
rather closely folded, there being no less than three and possibly four anticlinal 
folds south of the Oregon Short Line railroad and west of the divide between Bear 


* Presented by A. C. Lawson, 
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and Green rivers. Prior to the deposition of the Tertiary rocks that cover the 
greater portion of this region there was a long period of erosion, and these folds 
were greatly reduced, and in many places all of the Laramie, as well as other 
lower groups, were removed. In more recent times the present water-courses have 
uncovered small areas of the Cretaceous rocks, and in many places these are found 
to be very rich in coal seams. The greatest amount of coal has been found in the 
Laramie, which has a maximum thickness of about 5,000 feet. The coal veins that 
are workable are usually inclined from 15 to 40 degrees, and have been mined at 
the head of Twin creek and Almy. There are twelve known workable veins in 
this formation that vary in thickness from 5 to 86 feet. Thereare several that vary 
from 15 to 30 feet. The 86-foot vein is located at Adaville, about 4 miles west of 
Kemmerer, and was opened up by a foreign company, but did not furnish fuel for 
the trade. This vein is most remarkable for its immensity and unusual purity. 
While I have examined a cross-cut made through the vein, I did not measure it, 
but believe that the engineer that gave me the figures was reliable. The coal is a 
medium grade lignite, and in examining it in the cross-cut tunnel I found it solid 
coal with the exception of a very thin band of sandstone which was less than an 
inch in thickness. 

All of the Laramie coals are lignites; but they vary greatly in composition. 
The mines at Almy have produced a very desirable locomotive fuel for a period of 
thirty years. Typical outcrops of the Laramie can be seen at Almy, Twin creek, 
and at the head of Muddy creek. 

Below the Laramie there is a very thick bed of shale containing a few bands of 
sandstone. The shales vary from a drab to a gray color, and west of Kemmerer 
have a thickness of about 5,000 feet. This formation can be traced south to Hil- 
liard, where it has about the same lithological characteristics and thickness. In 
the Survey of the Fortieth Parallel this formation was given a questionable place, 
but mentioned as being above the supposed Fox hills. Since there is no formation 
corresponding to this shale bed that I am familiar with in the state, I propose the 
name Hilliard for this horizon, the name being derived from the town of Hil- 
liard, which is located on these beds of shale, and cite the shale beds west of 
Kemmerer and extending as far as the east portal of the Oregon Short Line tunnel 
as a typical section. There are some associated fossils with these shales, but 
typical ones cannot be given at this time. 

Below the Hilliard formation there is a second and very important coal-bearing 
formation, but one that has but recently been discovered. This extends from 
Kemmerer southward passing through Diamondville, Cumberland, Spring Valley, 
and just east of Hilliard, and is composed of very thick beds of compact sand- 
stone, with shales and coals having an approximate thickness of 2,000 feet. This 
has been called Fox hills, but upon making a careful examination I could not find a 
Fox Hill fauna such as is common to the Fox hills of the eastern part of Wyoming. 
On this account I have found it advisable to call these beds the Frontier forma- 
tion, the name being derived from the town of Frontier, just north of Kemmerer. 
This formation is characterized by the presence of Ostrea soleniscus, which has a 
maximum length of about 12 inches, and so far as I am aware occurs only in this 
formation. In the Frontier there are several seams of coal varying in thickness 
from 4 to 20 feet, and mines are being operated at Frontier, Diamondville, Cum- 
berland, and Spring Valley town. The coal is a superior bituminous fuel, being 
quite hard, with little water and ash, and from tests made with a bom calorimeter 
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is the best steaming coal discovered in Wyoming. This formation has never been 
found east of Cumberland, and there are but few exposures west of that place 
where coal has been discovered. When the territory has been thoroughly pros- 
pected the greater part of the Coal Measures of Uinta county will be found to be 
in the Frontier formation. On account of the superiority of the fuel, the Frontier 
coal fields are being eagerly sought for and will be exhausted long before they pay 
any attention to the Laramie lignites. The following are typical analyses: 


Volatile | . Fixed 
af Mig be ater. 
Laramie Coat Water Ash. 
Per cent. Per cent, Per cent. | Per cent. 

Ked canyon wa = 7.42 36.08 48.50 8.00 

Twin creek...... 8.08 35.3% 49.90 6.30 

Frontier Coat. 

Diamond ville (selected 3.53 48.58 1.53 

Kemmerer (selected)... 2.00 10 305 

Diamondville........... 3.00 | 4.50 

2.95 38.00 4.05 

; 


DEBRIS FANS OF THE ARID REGION IN THEIR RELATION TO WATER SUPPLY 
BY E. W. HILGARD 


Abstract published in Science. 


The Section then adjourned, to meet at 10 o’clock next morning. 


SESSION OF THE CORDILLERAN Section, TurspAy, DecemBer 31 


The Section met at 10 o’clock a m, in the rooms of the Geological 
Department of the University of California, the Chairman, Mr H. W. 
* Turner, in the chair. 
The following papers were read and discussed : 
CHELAN, WASHINGTON 
BY H, W. FAIRBANKS 
Abstract published in Science. 
. GEOLOGICAL SECTION OF THE MIDDLE COAST RANGES OF CALIFORNIA 
BY ANDREW CC. LAWSON 
Abstract } 


The paper is an attempt to summarize recently acquired information as to the 
sequence of formations and their respective volumes of sediments in the Middle 
Coast ranges of California. The results given for the thickness are approxima- 
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tions sufficiently close to afford a general idea of the section. Other features of 
the paper are the subdivision of the Franciscan into seven stratigraphic subdi- 
visions by the recognition of a persistent horizon of foraminiferal limestone and 
two important horizons of radiolarian chert; a similar subdivision of the Mon- 
terey into seven stages and a summary announcement of the character and history 
of the post-Monterey Tertiary. The essential features of the paper are given in 
the following tabulation : 


Geological Section of the Coast Ranges of California in the Vicinity of the Bay of San Francisco 


Thickness 
“eet 
Merced § Upper marine sandstones, sandy shales, and clay shales.............-. nies h.830 
Lower marine clays, sandy shales, sandstones, fine pebbly conglomerates. ~— : 
Uneconformity. 
Campan { Voleanics, andesites, basalts, rhyolite agglomerates 500 
Fresh-water conglomerates, sandstones, clays, limestones............. 
Unconformity. 
{ Voleanics, basalts, and ote ) 
. Siestan, fresh-water clays, limestones, sandstones, shales, lignite, tuffs, | 
V. Berkeleyan 4 t 200 
Voleanies, andesites, basalts, rhyolite J 
Unconformity. 
Voleanies, andesites, basalts, rhyolite tuffs,........ 


2,000 
L. Berkeleyan 4 Trampan, marine shales, sandstones, pebbly conglomerate 


Orindan, fresh-water conglomrates, sandstones, clays, limestones, tuffs... 2,400 


Pinole—Tuffs (pumiceous) fossiliferous......... 1,000 
San Pablo—Blue tuffaceous sandstone, marine... .......... . wee 1,500 
Unconformity. 
| Stage 3—Sandstone 600 
| Stage 2—Bituminous shale and chert. 250 
(Lower Stage SOD 
Uneconformity. 
Rhyolite flows. (Age not certainly determined. ) 
Unconformity. 
Chico—Sandstones and shales.. 3,000 4 
| Oakland—Conglomerate 500 
Shasta-Chice Peridotite irruptions. 
| Knoxville—Shales with subordinate limestone and conglomerate....... ....... 1,000 


Uneonformity. Voleanies. 
{ Bonita sandstone... 


San Miguel cherts, 5 
i Marine sandstone, 1,000 
Sausalito cherts, radiolarian... 900 
Voleanies, 
Voleanics. 
Pilarcitos 790 
34,290 
Unconformity. 


Montara granite (correlated tentatively with late Jurassic granite of Sierra Nevada), 


The Section then adjourned for luncheon. 
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At 2 o’clock p m the Section resumed its session at South hall, 
Berkeley. J 


The following resolution was adopted : 
The Fellows of the Cordilleran Section of the Geological Society of America 
desire to express and to place on record their profound sorrow and sense of loss in 
the death of their esteemed fellow-members, Professor Joseph Le Conte, who died 
at Yosemite valley on July 6, 1901, and Professor E. W. Claypole, who died at (4 
Pasadena August 17, 1901. 


The following papers were then read and discussed : 


A CONTRIBUTION TO THE PETROGRAPHY OF THE JOHN DAY BASIN ( 
* (¢ 

BY FRANK C. CALKINS 

(E 


This paper has been published as Bulletin of the Department of Geol- 
ogy, University of California, volume 3, number 5, pages 109-172. 


COLEMANITE 
BY A. 8S. EAKLE 


This paper has been published as Bulletin of the Department of Geol- 
ogy, University of California, volume 3, number 2, pages 31-50. 


THE MARINE PLIOCENE AND PLEISTOCENE STRATIGRAPHY OF THE COAST OF 
SOUTHERN CALIFORNIA 21: 


BY DELOS ARNOLD AND RALPH ARNOLD * 


This paper has been published in the Journal of Geology, volume x, 
number 2. 


The Section then adjourned. 
ANDREW C. Lawson, Secretary. 


RecisterR OF SAN Francisco MEETING OF CoRDILLERAN Section, 1902 


The following is the register of the Fellows present at the meeting: 


A. S. EAKLE. A. C. Lawson. 

H. W. FarrBanks. W. J. Surron. 

J. C. MERRIAM. H. W. Turner. 

Fellows-elect 

F. M. ANDERSON. G. D. LoupERBACK. 
The visitors were 

Miss A. ALEXANDER. J. W. Srnciatr. 

F. C. CALKINs. G. J. Youna. 


V. C. Osmonr. 


* Presented by Professor J, C. Merriam. 
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By H. P. Cusnine, Librarian 


Contents 
Page 
(A) From societies and institutions receiving the Bulletin as donation (“* Exchanges”’)........ 547 ade 
(¢) Asia...... 553 
(d) Australasia, 553, 
(B) From state ge obese al surveys and mining bureaus 554 
(C) From scientific societies and institutions 554 
= From Fellows of the ae Society of America (personal publications) 555 
555 


(A) From Societies anp RECEIVING THE BULLETIN AS DonatION 
(‘f EXCHANGES’’) 
(a) AMERICA 
NEW YORK STATE MUSEUM, ALBANY 


2153-2155. Bulletins, vols. 1-3, nos. 1-15. 
2156, 2157, Annual Report, no. 53, parts i and ii, 1899. 


BOSTON SOCIETY OF NATURAL HISTORY, BOSTON 
1700. Proceedings, vol. 29, nos. 17, 18, 1901. 
2133. ** 30, nos. 1-3, 1901-"02. 

MUSEO NACIONAL DE TUENOS AIRES, BUENOS AIRES 
1539. Communicaciones, tomo 1, nos. 8, 9 

CHICAGO ACADEMY OF SCIENCES, CHICAGO 
834. Bulletin, vol. ii, no. 4, 1901. 

FIELD COLUMBIAN MUSEUM, CHICAGO 
1988. Publication 57, Zoological Series, vol. ii, no. 
1916. Publications 58, 59, Zoological Series, ok iii, nos. 4, 5. 
1000. Ky 60 and 63, Geological Series, vol. i, nos. 9, 10. 
2181. Publication 62, Report Series, vol. ii, no. 1. 

CINCINNATI SOCIETY OF NATURAL HISTORY, CINCINNATI 
2149. Journal, vol. xx, nos. 1, 2, 1901. 

COLORADO SCIENTIFIC SOCIETY, DENVER 


1990. Proceedings, vol. vii, pp. 37-40. 
LXXVIIJ—Butt. Gror. Soc. Am.. Vor. 13, 1901 (547) 
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NOVA SCOTIAN INSTITUTE OF SCIENCE, HALIFAX 
MUSEO DE LA PLATA, LA PLATA 
INSTITUTO GEOLOGICO DE MEXICO, MEXICO 


1981. Boletin num. 15, Las Rhyolitas de Mexico, part ii, 1901. 
NATURAL HISTORY SOCIETY, MONTREAL 


1946. Canadian Record of Science, vol. viii, nos. 6-7, 1901. 


AMERICAN GEOGRAPHICAL SOCIETY, NEW YORK 
1992. Bulletin, vol. xxxiii, nos. 2-5, 1901. 
2172. xxxiv, nos, 1-2, 1902. 

AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK 


1647. Annual Report of the President, ete., 1900. 
1507. Bulletin, vol. xi, part 4, 1901. 


2144. xiv, 1901. 
2145. ** xv, part 1, 1901. 
2150. xvii, part 1, 1902. 
NEW YORK ACADEMY OF SCIENCES, NEW YORK 


2083. Annals, vol. xiv, part 1, 1901. 

GEOLOGICAL SURVEY OF CANADA, OTTAWA 
2079. Annual Report, new series, vol. xi, 1898, with maps. 
2124. Catalogue of Canadian Birds, part i, 1900. 
2139. Index to Reports, 1863-1884, 1900. 

ROYAL SOCIETY OF CANADA, OTTAWA 
2160. Proceedings, second series, vol. vi, 1900. 

ACADEMY OF NATURAL SCIENCES, PHILADELPHIA 
2010. Proceedings, vol. liii, parts 1-3, 1901. 

AMERICAN PHILOSOPHICAL SOCIETY, PHILADELPHIA 


2054. Proceedings, vol. xl, nos. 165-167, 1901. 
2174. Transactions, vol. xx, new series, parts 1-2. 


MUSEO NACLONAL DE RIO DE JANEIRO, KIO DE JANEIRO 
CALIFORNIA ACADEMY OF SCIENCES, SAN FRANCISCO 
GEOLOGICAL SURVEY OF NEWFOUNDLAND, ST JOHNS 
ACADEMY OF SCIENCE, ST LOUIS 


2009. Transactions, vol. xi, nos. 4-11, 1901. 
2163. sie ** xii, nos. 1-4, 1902. 


COMMISSAO GEOGRAPHICO FE GEOLOGICO, SA0 PAULO 
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NATIONAL GEOGRAPHIC SOCIETY, 


549 


WASHINGTON 


724. National Geographic Magazine, vol. iii, pp. 31-52, 205-261. 
se 


1963. xii, nos. 6-12, 1901. 
2136. xiii, nos. 1-5, 1902. 
LIBRARY OF CONGRESS, 
SMITHSONIAN INSTITUTION, 
2049. Annual Report, 1899. 
UNITED STATES GEOLOGICAL SURVEY, 
2089-2091. Twenty-first Annual Report, parts 1, 6, and 6 continued. 
2158. Monograph xl. 
1971. Bulletin 177. 
2159-2161. Bulletins 178, 180-181, 183-187. 
2195-2197. Twenty-first Annual Report, parts 2-4. 


UNITED STATES NATIONAL MUSEUM, 


(b) EUROPE 
DEUTSCHE GEOLOGISCHE GESELLSCHAFT, 
1917. Zeitschrift, band lii, heft 4, 1900. 
2087.  liii, heft 1-3, 1901. 


KONIGLICH PREUSSISCHEN GEOLOGISCHEN 
LANDESANSTALT UND BERGAKADEMIE, 


2055. Jahrbuch, band xx, 1899. 
GEOGRAPHISCHEN GESELLSCHAFT, 


R. ACCADEMIA DELLE SCIENZE DELL’ INSTITUTO DI 
BOLOGNA, 


ACADEMIE ROYALE DE BELGIQUE, 
SOCIETE BELGE DE GEOLOGIE, DE PALEONTOLOGIE 
DYHYDROLOGIE, 
1697. Bulletin, tome xii, fase. 3-4, 1897. 
2006. xv, fase. 2-6, 1901. 
2192. ‘* xvi, fase. 1, 1902. 
BIUROULL GEOLOGICA, 
MAGYARHONI FOLDTANI TARSULAT, 
1940. Foldtani Koézliny, xxx kotet, 10-12 fuset, 1900. 
2060. xxxi, kétet, 1-9 fuset, 1901. 
NORGES GEOLOGISKA UNDERSOGELSE, 
2056-2059. Nos. 18-21, 1895-96. 
2061-2068. Nos. 22-29, 1897-1900. 
2068. Nos. 30 and 32. 
2179. No, 31. 


WASHINGTON 


WASHINGTON 


WASHINGTON 


WASHINGTON 
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1707. 


2092. 
2107. 
2167. 
2109-2119. 
2094-2104. 
2105-2106. 
2125-2131. 
2108. 
2121-2122. 
2093. 
2120. 


1126, 


1710. 


2070-2073. 


2074-2075. 


$22. 
1340. 
1768. 
2189. 


2135. 


2182-2184. 


PROCEEDINGS 


DANMARKS GEOLOGISKA UNDERSOGELSE, 


OF THE ROCHESTER 


MEETING 


COPENHAGEN 


ACADEMIE ROYALE DES SCIENCES ET DES LETTRES 


DE DANEMARK, 


. Oversigt i Aaret, 1901, nr. 2-6. 


NATURWISSENSCHAFTLICHEN GESELLSCHAFT ISIS, 


COPENHAGEN 


DRESDEN 


Sitzungsberichte und Abhandlungen, Jahrgang, 1901. 


ROYAL SOCIETY OF EDINBURGH, 
NATURFORSCHENDEN GESELLSCHAFT, 
Berichte, band xi, heft 3, 1901. 


GEOLOGICAL SOCIETY OF GLASGOW, 


PETERMANN’S GEOGRAPHISCHE MITTHEILUNGEN, 


KSL. LEOP. CAROL. 
TURFORSCHER, 

Nova Acta, Abhandlungen, band 77, 1901. 
band 78, 1901. 
band 79, 1902. 


ee 


Leopoldina, heft 2-12. 


13-23. 


D495, 
“96-89 


Reportorium, heft i-ii. 
Geschichte, 1888-1900. 
1852-1887. 


GEOLOGISKA UNDERSOKNING, 


> 


Beskrifning till Kartbladet, nos. 36-37, 


SOCIETE DE GROGRAPHIE DE FINLANDE, 


Bulletins, Fennia, 10, 16, and 18, 1901. 
SOCIETE GEOLOGIQUE SUISSE, 
GEOLOGISCH REICHS-MUSEUM, 


vi, heft 3-4, 1900. 


Sammlungen, band 
i-iv, 1S81-"90. 


neue folge, band i and band ii, 


KON.-SACHISCHE GESELLSCHAFT DER WISSENSCHAFTEN, 


DEUTSCHEN AKADEMIE 


1901. 


EDINBURGH 


FREIBURG, L. B. 


GLASGOW 
GOTHA 


DER NA- 
HALLE 


HELSINGFORS 


HELSINGFORS 


LAUSANNE 


LEIDEN 


heft 1-2. 


LEIPZIG 


Abhandlungen der Math.-Phys. Classe, band xviii, heft 1, 181. 


ae 


xxiv, heft 6, 1899. 
xxvi, heft 5-7, 1901. 
xxvii, heft 1-3, 1902. 
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EN 1774. Berichte tiber die Verhandlungen, Math.-Phys. Classe, Jahrgang 1900, 
heft 4. 
ii 2080. Berichte tiber die Verhandlungen, Math.-Phys. Classe, Jahrgang 1901, 
a heft 1-6. 
SOCIETE GEOLOGIQUE DE BELGIQUE. LIEGE 
EN 
2008. Annales, tome xxviii, livr. 3-4, 1901. 
2193. “xxix, livr. 1, 1902. 
GH SOCIETE GEOLOGIQUE DU NORD, LILLE 
iB. 2088. Annales, tome xxix, 1900. 
COUMMISSAO DOS SERVICOS GEOLOGICOS DE PORTUGAL, LISBON 
OW 2185. Communicacoes, tomo iv, 1900-01. 
HA BRITISH MUSEUM (NATURAL HISTORY), LONDON 


2191. Catalogue of the Fossil Fishes in the British Museum, part 4. 


GEOLOGICAL SOCIETY, LONDON 
1679. Geological Literature, 7. 
1976. Quarterly Journal, vol. vii, part 3, i901. 
2162. **  Iviii, parts 1-2, nos. 229, 230, 1902. 
GEOLOGICAL SURVEY, LONDON 
GEOLOGISTS’ ASSOCIATION, LONDON 
2002. Proceedings, vol. xvii, parts 1-5, 1901. 
284. xii, parts 1-5, 1892. 
COMISION DEL MAPA GE LOGICA DE ESPANA, MADRID 
ORS SOCIETA ITALIANA DI SCIENZE NATURALI, MILAN 
2051. Atti, vol. xl, fase. 1-4, 1901. 
2198. fase. 1, 1902. 
DRS 1354. Memorie, vol. vi, fase. 3, 1901. 
SOCIETE IMPERIALE DES NATURALISTES DE MOSCOL, MOSCOW 
1999. Bulletin, Année 1900, nos. 3-4. 
)EN 2178. * 1901, nos. 1-2. 
K. BAVERISCHE AKADEMIE DER WISSENSCHAFTEN, MUNICH 
1965. Sitzungsberichte, 1900, heft 3. 
2141. ‘ 1901, heft 1-3. 
ZAG 2142. Inhaltsverzeichniss der Sitzungsberichte, 1586-1899. 


2145. Ziele und Aufgabe der Akademien im zwanzigsten Jahrhundert. 


RADCLIFFE LIBRARY, OXFORD UNIVERSITY MUSEUM, OXFORD 


2046. Catalogue of books added during 1900. 


F 


1985. 
2084. 
2188, 


2190. 


1680. 
1907. 
2082. 


2194. 


2055. 


2176. 
2069. 
2177. 


2158. 


2000. 


2175. 


1977. 


2161, 


1966, 
2133. 
2165. 
1987. 
2164. 


2040. 
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ANNALES DES MINES, ARIS 
Annales, tome xix, livr. 2-6, 1901. 
livr. 7-12, 190). 
" dixieme serie, tome i, livr. 1-2, 1902. 
CARTE GEOLOGIQUE DE FRANCE, . PARIS 
Bulletin, vol. xi, nos. 71-78, 1900-01. 
“xii, nos. 79-82, 1901-02. 
SOCIETE GEOLt IGIQUE DE FRANCE, PARIS 
Bulletin, 3° serie, tome xxvii, no. 6, 1899. 
= “tome xxviii, no. 8, 1900. 
= 4° serie, tome i, nos. 1-4, 1901. 
” ‘tome ii, no. 1, 1902. 
REALE COMITATO GEOLOGICU D'ITALIA, ROME 


Bolletino, vol. xxxii, n. 1-4, 1901. 


SOCIETA GEOLOGICA ITALIANA, ROME 
ACADEMIE IMPERIALE DES SCIENCES, ST PETERSBURG 
COMITE GEOLt IGIQUE DE LA RUSSIE, ST PETERSBURG 
Memoirs, vol. xiii, no. 3, 1901. 
‘* xviii, nos. 1-2. 
Bulletin xix, nos. 1-10, 1900. 
xx, nos. 1-6, 1901. 


Bibliotheque, Geologie de la Russie, 1897. 


RUSSISCH-KAISERLICHEN MINERALOGISCHEN 


GESELLSCHAFT, ST PETERSBURG 
Verhandlungen, zweite serie, band xxxviii, lief. 2. 
GEOLOGISKA BYRAN, STOCKHOLM 
GEOLOGISKA FORENINGENS, STOCKHOLM 
Férhandlingar, band xxiii, hifte 4-7, 1902. 
** xxiv, hiifte 1-4, 1902. 
NEUES JAHRBUCH FUR MINERALOWIE, STUTTGART 
Neues Jahrbuch, Jahrgang 1901, band i, heft 2-3. 
1901, band ii, heft 1-3. 
” 1902, band i, heft 1-2. 


Centralblatt, 1901, nos. 3-24. 
1902, nos. 1-4. 


K AISERLICH-KONIGLICHEN GEOLOGISCHEN REICHAN- 
STALT, VIENNA 


Jahrbuch, band 1, heft 1-4, 1900. 
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KAIS.-KONIGLICHEN NATURHISTORISCHEN HOFMUSEUMS, VIENNA 


1942, Annalen, band xv, nr. 2, 1900. 


1517. 
1931. 
2132. 
2137. 
2001. 
2186. 


1209. 


1515. 
2140. 


2169, 
2170. 
2171. 


1589. 


2077. 
2078. 
2151. 
2152, 


2138. 


2043. 
2044. 
2050. 
2076. 
2148. 
2168. 


DIE BIBLIOTHEK DES EIDG. POLYTECHNICUMS, ZURICH 


(c) ASIA 


GEOLOGICAL SURVEY OF INDIA, CALCUTTA 


General Report of the Work carried on in 1900-01. 
Memoirs, vol. xxx, parts 2-4, 1901. 


vol. xxxi, parts 1-3, 1901. 
‘ vol. xxxii, parts 1-2, 1901. 
” vol. xxxiii, part 2, 1901. 
a vol. xxxiv, part 1, 1901. 
IMPERIAL GEOLOGICAL SURVEY, TOKIO 


Geological Map of Japan, 9 atlas sheets with descriptive pamphlets, 
and 3 topographic sheets. 


(ad) AUSTRALASIA 
GEOLOGICAL DEPARTMENT OF SOUTH AUSTRALIA, ADELAIDE 
Record of the Mines, Exploration of the Tarcoola District. 
Handbook of Mining, with maps, 1901. 
. GEOLOGICAL SURVEY OF QUEENSLAND, BRISBANE 
Annual Progress Reports, 1896-1900. 
Nine Separate Reports on Mining Districts. 
Ten ce “ce 
Bulletins, nos. 11-17. 
CANTERBURY MUSEUM, CHRISTCHURCH 
DEPARTMENT OF MINES OF VICTORIA, MELBOURNE 
Report on Little Bendigo Gold Field, Ballarat, 1901. 
Annual Report of the Secretary of Mines for 1900. 
Underground Survey of Mines, Bendigo Gold Field. 
Report on the Walhalla Gold Field. 
GEOLOGICAL DEPARTMENT OF WESTERN AUSTRALIA, PERTH 
Annual Report of Progress for 1900. 
GEOLOGICAL SURVEY OF NEW SOUTH WALES, SYDNEY 
Annual Mining Report of the Department for the Year 1899. 
Records of the Geological Survey, vol. vii, part 1, 1901. 
The Mineral Resources of New South Wales. 
Memoirs, Geology no. 2, Iron Ore Deposits of N.S. W. 
Annual Report of the Department of Mines for 1900. 
Mineral Resources, nos. 9-10. 
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2085. 


2146-2147. 


2048. 


2200. 


2166. 


2201. 


2202. 


2154. 


2082. 


2187. 


2203. 
2204. 


2180. 
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ROYAL SOCIETY OF NEW SOUTH WALES, SYDNEY 


Journal and Proceedings, vol. xxxiv, 1900. 


(e) AFRICA 


GEOLOGICAL COMMISSION, CAPE TOWN 
Annual Reports for 1898 and 1899. 


(B) From Strate Surveys AND MINING BUREAUS 


GEOLOGICAL AND NATURAL HISTORY SURVEY OF 
MINNESOTA, MINNEAPOLIS 


Final Report, vol. vi. 
GEOLOGICAL SURVEY OF NEW JERSEY, TRENTON 


Annual Report of the State Geologist for the Year 1900. 


(C) From Sctentiric Societies AND INSTITUTIONS 


GEOLOGISCHEN KOMMISSION DER SCH WEIZ.- 
NATURFORSCHENDEN GESELLSCHAFT, BERNE 


Beitrage zur Geologischen Karte der Schweiz, lief. xi, 1901. 
NATURHISTORISCHEN VEREINS DER PREUSSISCITEN 
RHEINLANDE, WESTFALENS, ETC., BONN 
Verhandlungen, Jahrgang Ixxv, 1900. 


NIEDERRHEINISCHEN GESELLSCHAFT FUR NATUR- 
UND HEILKUNDE ZU BONN, BONN 


Sitzungsberichte, 1900. 


SCHLESISCHE GESELLSCHAFT FUR VATERLANDISCHE 
CULTUR, BRESLAU 


Achtundsiebzigster Jahres-bericht, 1900. 


ACADEMLIE ROYALE DES SCIENCES, DES LETTRES ET 
DES BEAUX-ARTS DE BELGIQUE, BRUSSELS 


Annuaire, soixante-septieme Année, 1901. 

GEOLOGICAL SURVEY OF BRITISH GUIANA, DEMERARA 
Three geologic maps, with explanatory texts. 

SOCLEDAD CIENTIFICA “ANTONIO ALZATE,” MEXICO 


Memorias y Revista, tomo xiii, nums. 1-3, 1901. 
«xvi, nums. 1-3, 1901-’02. 


GEOLOGICAL SURVEY OF NATAL AND 
ZULULAND, PIETERMARITZBURG 


First Report of the Survey, 1901. 
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SECTION GEOLOGIQUE DU CABINET DE SA 
MAJESTE, ST PETERSBURG 
1604. Travaux, vol. iii, livr. 2, 1901. 4 
2205. iv, 1901. 4 


IMPERIAL UNIVERSITY OF TOKYO, COLLEGE OF SCIENCE, TOKIO 
2206. Journal, vol. xvi, part 1. 
TOKYO GEOGRAPHICAL SOCLETY, TOKIO 


2207. Journal of Geography, vol. xiii, nos. 145-156, 1901. 


(D) From or tue Sociery or AMERICA (PERSONAL 
PUBLICATIONS) 


H. L. FAIRCHILD 

2208. Beach Structure in Medina Sandstone. 
HITCHCOCK 

2209. New Zealand in the Ice Age. 
GEORGE P. MERRILL 


2210. Stony Meteorite which fell near Felix, Perry County, Alabama. 


JOSEPH HYDE PRATT 


2211. Eight separates, extracts from Mineral Resources of the United States 
for 1900. 


HENRY 8. WASHINGTON 


2212. Igneous Rocks from eastern Siberia. 
2213. The Foyaite-[jolite Series of Magnet Cove. 
From Sources 


COMMISSIONERS OF THE STATE RESERVATION AT 
NIAGARA, ALBANY 


2214. Seventeenth Annual Report, 1899-1900. 
UNIVERSITY OF TEXAS, AUSTIN = 3 
2215. Mineral Survey Bulletin no. 1, Texas Petroleum, | 
BROOKLYN INSTITUTE OF ARTS AND SCIENCES, BROOKLYN 


2216. Science Bulletin, vol. i, no. 1, 1901. 


CINCINNATL MUSEUM ASSOCIATION, CINCINNATI 
2217. Twentieth Annual Report, 1900. 

GEOGRAPHICAL SOCLETY OF PHILADELPHIA, PHILADELPH=A 
2218. Bulletin, vol. iii, nos. 1-2, 1901. 


LXXIX—Butt. Geor. Soc. Am., Vol. 13, 1901 
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2219. 
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2224. 


3. Geomorphologische Studien aus Ostasien. 


List of the published Writings of Elkanah Billings. 
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PORTLAND SOCIETY OF NATURAL HISTORY, PORTLAND, ME, 
Proceedings, vol. ii, part 5, 1901, 

THE MAZAMAs, PORTLAND, OREG, 
Mazama, vol. ii, no. 1, 1900. 
REV H. BF. HAYDEN 
Ralph Dupuy Lacoe 
K. MARTIN 


Reise-Ergebnisse aus den Molukken. 


FERDINAND VON RICHTHOFEN 


B. E. WALKER 


OK 
222, 
222 


, ME, 


REG, 


OFFICERS AND FELLOWS OF THE GEOLOGICAL SOCIETY 


OF AMERICA 
OFFICERS FOR 1902 
President 
N. H. Minneapolis, Minn. 
Vice- Presidents 


Ss. F. Emmons, Washington, D. C. 


J. C. Branner, Stanford University, Cal. 


Secretary 
H. L. Faircuinp, Rochester, N. Y. 
Treasurer 


C. Wuirr, Morgaiutown, W. Va. 


Editor 


J. Washington, D. C. 


Librarian 


H. P. Cusuine, Cleveland, Qhio 


Councillors 
(Term expires 1902) 
W. B. Crark, Baltimore, Md. 
A. C. Lawson, Berkeley, Cal. 


(Term expires 1903) 
SAMUEL CaLyrn, lowa City, Lowa 


A. P. Coteman, Toronto, Canada. 
(Term expires 1904) 

(. W. Hayes, Washington, D. C. 

J. P. Ippines, Chieago, I]. 
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FELLOWS, AS OF JANUARY, 1903 
* Indicates Original Fellow (see article IIT of Constitution) 


CLEVELAND Asse, Jr., Ph. D., 2017 I St. N. W., Washington, D.C. August, 1899, 

Frank Dawson Apams, Ph. D., Montreal, Canada ; Professor of Geology in McGill 
University. December, 1889. 

GeorGe I. Apams, Sc. D., U.S. Geological Sgrvey, Washington, D.C. Dee., 1902. 

José GUADALUPE AGUILERA, Esquela N. de Ingeneiros, City of Mexico, Mexico; 
Director del Instituto Geologico de Mexico. August, 1896. 

Truman H. Aupricu, M. E., Birmingham, Ala. May, 1889. 

Henry M. Amt, A. M., Geological Survey Office, Ottawa, Canada; Assistant Paleon- 
tologist on Geological and Natural History Survey of Canada. December, 1889. 

Frank M. Anperson, B. A., M. 8., 2435 Piedmont Ave., Berkeley, Cal. In Cali- 
fornia State Mining Bureau. June, 1902. 

Puttir ARGALL, 821 Equitable Building, Denver, Colo. ; Mining Eng. August, 1896, 

Gerorce Haut Asuuey, M. E., Ph. D., Charleston, 8S. C. ; Professor of Natural His- 
tory, College of Charleston. August, 1895. 

Harry Fosrer Barn, M. 8., Quadrangle Club, 58th St., Chicago, Ill. Dee., 1895. 

Rurus Maruer Baae, Ph. D., 84 Ellis St., Brockton, Mass. December, 1896. 

S. Prentiss BaLpwin, 736 Prospect St., Cleveland Ohio. August, 1895. 

Erwin Hinckiey Barsour, Ph. D., Lincoln, Neb. ; Professor of Geology, Univer- 
sity of Nebraska, and Acting State Geologist. December, 1896. 

JoserpH Barret, Ph D., South Bethlehem, Pa. ; Assistant Professor of Geology, 
Lehigh University. December, 1902. 

GeorGce H. Barron, B. 8., Boston, Mass. ; Instructor in Geology in Massachusetts 
Institute of Technology. August, 1890. 

FLorence Bascom, Ph. D., Bryn Mawr, Pa. ; Instructor in Geology, Petrography, 
and Mineralogy in Bryn Mawr College. August, 1894. 

Wituiam 8. Baytey, Ph. D., Waterville, Me.; Professor of Geology in Colby 
University. December, 1888. 

* GrorGe F. Becker, Ph. D., Washington, D. C.; U. S. Geological Survey. 

Cuarves E. Beecuer, Ph. D., Yale University, New Haven, Conn. May, 1889. 

Josuua W. Reese, Ph. D., Bloomington, Ind.; Instructor in Geology, Indiana 
University. December, 1002. 

Rosert Bet, C. E., M. D., LL. D.. Ottawa, Canada; Assistant Director of the 
Geological and Natural History Survey of Canada. May, 1589. 

P. Berkey, Ph. D., Minneapolis, Minn. ; Instructor in Mineralogy, Uni- 
versity of Minnesota. August, 1901. 

Samuet Waker Bryer, Ph. D., Ames, Iowa; Assistant Professor in Geology, lowa 
Agricultural College. December, 1896. 
Atserr 8, Bickmore, Ph. D., American Museum of Natural History, New York ; 
Professor in charge of Department of Public Instruction. December, 1889. 
Irvine P. Bisnor, 109 Norwood Ave., Buffalo, N. Y.; Professor of Natural Science, 
State Normal and Training School. December, 1899. 

Eminio Bose, Ph. D., Calle del Paseo Nuevo, no. 2, Mexico, D. F.; Geologist of the 
Instituto Geologico de Mexico. December, 1899. 

*Joun C. Branner, Ph. D., Stanford University, Cal.; Professor of Geology in 
Leland Stanford, Jr., University. 

Perry Bricguam, A. B., A M., Hamilton, N. Y.; Professor of Geology and 
Natural History, Colgate University. December, 1893. 

ALFRED Hvuise Brooks, B. Washington, D. C.; Assistant Geologist, U. S. Geo- 
logical Survey. August, 1899. 
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Ernest Ropertson Buckxey, Ph. D., Rolla, Mo. State Geologist and Director of 
Bureau of Geology and Mines. June, 1902. 

* Samve Cavin, Jowa City, lowa; Professor of Geology and Zoology in the State 
University of lowa; State Geologist. 

Henry Donatp CampBeLt, Ph. D., Lexington, Va.; Professor of Geology and 
Biology in Washington and Lee University. May, 1889. 

Marius R. Campse.t, U. S. Geological Survey, Washington, D. C. August, 1892. 

Frankuin R. Carpenter, Ph. D., 1420 Josephine St., Denver, Colo. ; Mining Engi- 
neer. May, 1889. 

Ermine ©. Case, Ph. D., Milwaukee, Wis. ; Instructor in State Normal School. 
December, 1901. 

*T. C. Cuamperuin, LL. D., Chicago, Ill. ; Head Professor of Geology, University 
of Chicago. 

CiarENcE Raymonp CiaGuorn, B. S., M. E., Wehrum, Indiana county, Pennsyl- 
vania. August, IS91. 

Ciark, Ph. D., Baltimore, Md.; Professor of Geology in Johns 
Hopkins University; State Geologist. 

Joun Mason Cuarks, A. M., Albany, N.Y.; State Paleontologist. December, 1897. 

J. Morgan Ciements, Ph. D., Madison, Wis.; Assistant Professor of Geology in 
University of Wisconsin. December, 1894. 

Cotiier Cops, A. B., A. M., Chapel Hill, N. C.; Professor of Geology in University 
of North Carolina. December, 1894. 

Arruur P. Coteman, Ph. D., Toronto, Canada; Professor of Geology, Toronto 
University, and Geologist of Bureau of Mines of Ontario. December, 1896. 

GrorGe L. Couuig, Ph. D., Beloit, Wis. ; Professor of Geology in Beloit College. 
December, 1897. 

Arruur J. Coiurer, A. M., 8. B., Washington, D. C.; Assistant Geologist, U. S. 
Geological Survey. June, 1902. 

*Turopor« B. Comsrocx, Los Angeles, Cal. ; Mining Engineer. 

*Francis W. Cracix, Ph. D., Colorado Springs, Colo. ; Professor of Geology in 
Colorado College. 

ALA Rosinson Crook, Ph. D., Evanston, Ill. ; Professor of Mineralogy and Petrog- 
raphy in Northwestern University. December, 1898. 

O. Crospy, B. 8., Boston Society of Natural History, Boston, Mass. ; 
Asst. Prof. of Mineralogy and Lithology in Massachusests Inst. of Technology. 

Warman Cross, Ph. D., U. 8. Geological Survey, Washington, D.C. May, 1889. 

Garry E. Cunver, A. M., 1104 Wisconsin St., Stevens Point, Wis. December, 1891. 

Epe@ar R. Cumines, A. B., Bloomington, Ind.; Instructor in Geology, Indiana 
University. August, 1901. 

*Henry P. Cusuine, M. S., Adelbert College, Cleveland, Ohio; Professor of Geol- 
ogy, Western Reserve University. 

*Nutson H. Darron, United States Geological Survey, Washington, D. C. 

*Wititam M. Davis, Cambridge, Mass. ; Sturgis-Hooper Professor of Geology in 
Harvard University. 

Davin T. Day, Ph. D., U. S. Geol. Survey, Washington, D.C. August, 1891. 
Orvitte A. Dersy, M. 8., Sao Paulo, Brazil; Director of the Geographical and 
Geological Survey of the Province of Sao Paulo, Brazil. December, 180. 

*Joseru 8. Ditier, B, 8., United States Geological Survey, Washington, D. C. 

Epwarp V. p’Ixviturers, E. M., 506 Walnut St., Philadelphia, Pa. Dec., 1888. 

Ricnarp E. Doper, A. M., Teachers’ College, West 120th St., New York city; 
Professor of Geography in the Teachers’ College. August, 1897. 

Noan Fieips Drake, Ph. D., Tientsin, China; Professor of Geology in Imperial 
Tientsin University. December, 1898. 

CuarLes R. Dryer, M. A., M. D., Terre Haute, Ind.; Professor of Geography, 
Indiana State Normal School. Angnust, 1897. 
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*Epwin T, Austin, Texas ; State Geologist. 

* Wituiam B. Dwient, Ph. B., Poughkeepsie, N. Y.; Professor of Natural History 
in Vassar College. 

Artuur 8. Eak ez, Ph. D., Berkeley, Cal.; Instructor in Mineralogy, University 
of California. December, 1899. 

Cuartues R. Eastman, A. M., Ph. D., Cambridge, Mass. ; In charge of Vertebrate 
Paleontology, Museum of Comparative Zoology, Harvard University. De- 
cember, 1805. 

*Grorce H. Evpringe, A. B., United States Geological Survey, Washington, D. C. 

Artruur H. Evrruan, Ph. D., 706 Globe Building, Minneapolis, Minn. Dec., 1898, 

* Bensamin K. Emerson, Ph. D., Amherst, Mass. ; Professor in Amherst College. 

*Samuet F, Emmons, A. M., E. M., U. 8S. Geological Survey, Washington, D. C. 

Joun Everman, F. Z. S., Oakhurst, Easton, Pa. August, 1891. 

Harotp W. Farreanks, B. S., Berkeley, Cal.; Geologist State Mining Bureau. 
August, 1892. 

* Herman L, B. Rochester, N. Y.; Professor of Geology in Univer- 
sity of Rochester. 

J.C. Faves, Danville, Kentucky; Professor in Centre College. December, 1888, 

Outtver C. Farrinaton, Ph. D., Chicago, Ill. ; In charge of Department of Geology, 
Field Columbian Museum. December, 1895. 

Aveusr F. Forrsre, Ph. D., 417 Grand Ave., Dayton, Ohio; Teacher of Sciences. 
December, 1899. 

Wituram M. Fonratne, A. M., University of Virginia, Va.; Professor of Natural 
History and Geology in University of Virginia. December, 1888. 

*Perstror Frazer, D. Se., 1042 Drexel Building, Philadelphia, Pa. ; Professor of 
Chemistry in Horticultural Society of Pennsylvania. 

* Homer T. Fuiver, Ph. D., Springfield, Mo. ; President of Drury College. 

Myron Leste Fuser, B., U. 8S. Geological Survey, Washington, D.C. Decem- 
ber, 1898. 

Henry Srewart Gane, Ph. D., Santa Barbary, Cal.; December, 1896. 

Henry Gannett, 8. B., A. Met. B., U. S. Geological Survey, Washington, D. C. 
December, 1891. 

* Grove K. Gitpert, A. M., LL. D., U. S. Geological Survey, Washington, D. C. 

Apam Capen Gitt, Ph. D., Ithaca, N. Y.; Assistant Professor of Mineralogy and 
Petrography in Cornell University. December, 1888. 

L. C. Guenn, Ph. D., Nashville, Tenn. ; Professor of Geology in Vanderbilt Uni- 
versity. June, 1900. 

H.Gornoy, Ph.D.,Lincoln, Neb.; Superintendent of Schools. August,1893. 

Amapeus W. Grasav, S. B., Columbia University, New York city; Lecturer on 
Paleontology. December, 1898. 

Uxysses SuermMan Grant, Ph. D, Evanston, Ill.; Professor of Geology, North- 
western University. December, 1890. 

Herserr E. Grecory, Ph. D., New Haven, Conn.; Assistant Professor of Physi- 
ography, Yale University. August, 1901. 


~Wiitiam 8. Grestey, 115 Radbourne St., Derby, England; Mining Engineer. 


December, 1893. 
GrorGce P. Griusiey, Ph. D., Topeka, Kans. ; Professor of Geology in Washburn 
College. August, 1895. 
Leon 8. Griswotp, A. B., 238 Boston St., Dorchester, Mass. August, 1892. 
Freperic P. Guiiiver, Ph. D., St. Mark’s School, Southboro, Mass. August, 1895. 
ArNnoLp Hacug, Ph. B., U. 8. Geological Survey, Washington, D. C. May, 1889. 
*Cuuisropner W. Haut, A. M., 803 University Ave., Minneapolis, Minn. ; Pro- 
fessor of Geology and Mineralogy in University of Minnesota. 
Joun BurcuMore Harrtsoy, M. A., F.1. C., F. G. S., Georgetown, British Guiana ; 
Government Geologist. June, 1902. 
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Joun B. Hasrines, M. E., 20 Broad St., New York city. May, 1889. 

Joun B. Harcuer, Ph. B., Carnegie Museum, Pittsburg, Pa. August, 1895. 

* Erasmus Hawortu, Ph. D., Lawrence, Kans.; Professor of Geology, University 
of Kansas. 

C. Wittarp Hayes, Ph. D., U.S. Geological Survey, Washington, D.C. May, 1889. 

*ANGELO HeILprin, Academy of Natural Sciences, Philadelphia, Pa. ; Professor of 
Paleontology in the Academy of Natural Sciences. 

* Kucene W. Hitearp, Ph. D., LL. D., Berkeley, Cal.; Professor of Agriculture in 
University of California. 

Frank A. Hitt, Roanoke, Va. May, 1889. 

*Rospert T. B. 8., U. S. Geological Survey, Washington, D. C. 

Ricuarp C. Hiits, Mining Engineer, Denver, Colo. August, 1894. 

*Cuarves H. Hrrcencock, Ph. D., LL. D., Hanover, N. H.; Professor of Geology 
in Dartmouth College. 

WiiurAmM Herserr Hopsps, Ph. D., Madison, Wis. ; Professor of Mineralogy and 
Petrology, University of Wisconsin; Assistant Geologist, U. 8. Geological 
Survey. August, 1891. 

* Levi A M., P. O. Box 536, New York city. 

Artiur Hottick, Ph. B., N. Y. Botanical Garden, Bronx Park, New York; In- 
structor in Geology, Columbia University. August, 1893. 

* Josepn A. Houmgs, Chapel Hill, N.C. ; State Geologist and Professor of Geology, 
University of North Carolina. 

Tuomas C. Hopkins, Ph. D., Syracuse, N. Y.; Professor of Geology, Syracuse 
University. December, 1894. 

*Epmunp Otts Hovey, Ph. D., American Museum of Natural History, New York 
city; Assistant Curator of Geology. 

* Horace C. Hovey, D. D., Newburyport, Mass. 

*Epwin E. Howett, A. M., 612 Seventeenth St. N. W., Washington, D. C. 

Lucius L. Husparp, Ph. D., LL. D., Houghton, Mich. December, 1894. 

Josepn P. Ipvtnas, Ph. B., Professor of Petrographic Geology, University of Chi- 
cago, Chicago, Ill. May, 1889. 

A. Wenpett Jackson, Ph. B., 432 St. Nicholas Ave., New York city. Dec., 1888. 

Rosert T. Jackson, 8. D., 9 Fayerweather St., Cambridge, Mass. ; Instructor in 
Paleontology in Harvard University. August, 1894. 

Tuomas M. Jackson, C. E., 8. D., Clarksburg, W. Va. May, 1889. 

Avexis A. Jutien, Ph., D., Columbia College, New York city; Instructor in Co- 
lumbia College. May, 1889. 

Arruur Kerrn, A. M., U. 8. Geological Survey, Washington, D.C. May, 1889. 

* James F. Kemp, A. B., E. M., Columbia University, New York city; Professor 
of Geology. 

CHarves Roun Keyes, Ph. D., 944 Fifth St., Des Moines, lowa. August, 1890. 

Wiisur C. Kniaut, B.S., A. M., Laramie, Wyo. ; Professor of Mining and Geology 
in the University of Wyoming. August, 1897. 

Frank H. Knowrton, M. 8., Washington, D. C.; Assistant Paleontologist, U. S. 
Geological Survey. May, 1889. 

Epwarp Henry Kratrs, Ph. D., Syracuse, N. Y.; Associate Professor of Mineral- 
ogy, Syracuse University, June, 1902. 

Henry B. Kime, Ph. D., Trenton, N.J.; Assistant State Geologist. Dec., 1895. 

*Grorce F. Kunz, care Tiffany & Co., 15 Union Square, New York city. 

GrorGe EpGar Lapp, Ph. D., Rolla, Mo.; Director School of Mines. August, 1891. 

J. C. K. Larramor, M. A., D. D., Quebec, Canada; Professor of Mineralogy and 
Geology in University Laval, Quebec. August, 1890. 

AtrreD C. Lanr, Ph. D., Lansing, Mich.; State Geologist of Michigan. Dec., 
1889. 
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Daniet W. Laneton, Ph. D.,39 East Tenth St., New York city; Mining Engineer. 
December, 1889. 

Anprew C. Lawson, Ph. D., Berkeley, Cal. ; Professor of Geology and Mineralogy 
in the University of California. May, 1889. 

Cuaries K. Lerrn, Ph. D., Madison, Wis; Assistant Professor of Geology, Uni- 
versity of Wisconsin. December 1902. 

Arruur G. Leonarp, Ph. D., Des Moines, Iowa; Assistant State Geologist, Iowa 
Geological Survey. December, 1901. 

*J. Perer Lestey, LL. D., Milton, Mass. 

Frank Leverett, B. 8., Ann Arbor, Mich. ; Geologist, U. S. Geological Survey. 
August, 1890. 

Wi.itaM Lipsey, Se. D., Princeton, N. J.; Professor of Physical Geography in 
Princeton University. August, 1899. 

Watpemar Linparen, U. S. Geological Survey, Washington, D. C. August, 1890. 

Grorcre Davis Loupersack, Ph. D., Reno, Nev. ; Professor of Geology, University 
of Nevada. June, 1902. 

Rosesr H. Loveurinar, Ph. D., Berkeley, Cal. ; Assistant Professor of Agricultural 
Chemistry in University of California. May, 1889. 

Taomas H. Macsring, Iowa City, Iowa; Professor of Botany in the State Univer- 
sity of lowa. May, 1889. 

Henry McCatiey, A. M., C. E., University, Tuscaloosa county, Ala.; Assistant 
on Geological Survey of Alabama. May, 1889. 

Ricuarp G. McConne B., Geological Survey Office, Ottawa, Canada; Geol- 
ogist on Geological and Natural History Survey of Canada. May, 1889. 

James Rigeman Macrar.ang, A. B.,100 Diamond St., Pittsburg, Pa. August, 1891. 

*W J McGes, Washington, D. C.; Bureau of North American Ethnology. 

Wiuiiam MclInnzs, A. B., Geological Survey Office, Ottawa, Canada; Geologist. 
Geological and Natural History Survey of Canada. May, 1889. 

Perer McKe.var, Fort William, Ontario, Canada. August, 1890. 

Curtis F. Marsut, A. M., State University, Columbia, Mo.; Instructor in Geology 
and Assistant on Missouri Geological Survey. August, 1897. 

Vernon F. Marsrers, A. M., Bloomington, Ind. ; Professor of Geology in Indiana 
State University. August, 1892. 

GerorGe Curtis Martin, Ph. D., Baltimore, Md.; Assistant in Paleontology, Johns 
Hopkins University. June, 1902. 

Epwarp B. Martuews, Ph. D., Baltimore, Md.; Instructor in Petrography in Johns 
Hopkins University. August, 1895. 

P. H. Mett, M. E., Ph. D., Clemson College, S. C.; President of Clemson College. 
December, 1888. 

Warren ©. Menpennatt, B. S., Washington, D. C.; Geologist, U. 8. Geological 
Survey. June, 1902. 

Joun C. Merriam, Ph. D., Berkeley, Cai. ; Instructor in Paleontology in University 
of California. August, 1895. 

*Freperick J. H. Merritt, Ph. D., State Museum, Albany, N. Y.; Director of 
State Museum and State Geologist. 

George P. Merritn, M.8., U. S. National Museum, Washington, D. C. ; Curator 
of Department of Lithology and Physical Geology. December, 1888. 

Artuur M. Miuer, A. M., Lexington, Ky.; Professor of Geology, State Univer- 
sity of Kentucky. December, 1897. 

Wiuier G. Minter, M. A., Toronto, Canada; Provincial Geologist of Ontario. 
December, 1902 

Tuomas F. Mosgs, M. D., Worcester Lane, Waltham, Mass. May, 1889. 

* Frank L. Nason, A. B., West Haven, Conn. 

*Prrer Nerr, A. M., 361 Russell Ave., Cleveland, Ohio. 

Freperick H. Newet, B. S., Geol. Survey, Washington, D. C. May, 1889. 
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Joux F. Newsom, A. M., Stanford University, Cal.; Associate Professor of Metal- 
lurgy and Mining. December, 1899. 

Witu1aM H. Nixes, Ph. B., M. A., Boston, Mass; Professor, Emeritus, of Geology, 
Mass. Inst. of Technology ; Professor of Geology, Wellesley College. Aug., 1891. 

Wittram H. Norron, M. A., Mt Vernon, Iowa; Professor of Geology in Cornell 
College. December, 1895. 

Cuar.es J. Norwoop, Lexington, Ky.; Professor of Mining, State College of Ken- 
tucky. August, 1894. 

Ezequigt Orponrz, Esquela N. de Ingeneiros, City of Mexico, Mexico ; Geologist 
del Instituto Geologico de Mexico. August, 1896. 

* Amos O. Osporn, Waterville, Oneida County, N. Y. 

Henry F. Osporn, Se. D., Columbia University, New York city ; Professor of Zool- 
ogy, Columbia University. August, 1894. 

Ciarves PaLacne, B. S., University Museum, Cambridge, Mass. ; Instructor in 
Mineralogy, Harvard University. August, 1897. 

*Horace B. Parron, Ph. D., Golden, Colo. ; Professor of Geology and Mineralogy 
in Colorado School of Mines. 

Freperick B, Peck, Ph. D., Easton, Pa.; Professor of Geology and Mineralogy, 
Lafayette College. August, 1901. 

Samuew L. Penriecp, Ph. B., M. A., New Haven, Conn.; Professor of Mineralogy, 
Sheffield Scientific School of Yale University. December, 1899. 

Ricnarp Penrose, Jr., Ph. D., 1331 Spruce St., Philadelphia, Pa. May, Iss9. 

GrorGce H. Perkins, Ph. D., Burlington, Vt.; State Geologist. Professor of Geol- 
ogy, University of Vermont. June, 1902. 

Josepu H. Perry, 276 Highland st., Worcester, Mass. December, 188s. 

*Wituiam H. Perree, A. M., Ann Arbor, Mich.; Professor of Mineralogy, Kco- 
nomical Geology, and Mining Engineering in Michigan University. 

Louis V. Prrssox, Ph. D., New Haven, Conn.; Professor of Physical Geology, 
Shetlield Scientific School of Yale University. August, 1894. 

*Jusius Poutman, M. D., University of Buffalo, Buffalo, N. Y. 

Jounx Bonsatt Porter, KE. M., Ph. D., Montreal, Canada; Professor of Mining, 
McGill University. December, 1896. 

Joserpu Hype Prarr, Ph. D., 74 Broadway, New York city. December, 18s, 

*CHarves S. Prosser, M. 8., Columbus, Ohio; Professor of Geology in Ohio State 
University. 

U. 8. Geological Survey, Dublin, N. H. 

Epmunp C. Quereav, Ph. D., Aurora, Ill. August, 1897. 

Freperick Leste Ransome, Ph. D., Washington, D. C.; Assistant Geologist, 
Geological Survey. August, 1895. 

Harry Fre.pine Retp, Ph. D.. Johns Hopkins Univ., Baltimore, Md. Dee., 1892. 

Nortu Rice, Ph. D., LL. D., Middletown, Conn. ; Professor of Geology 
in Wesleyan University. August, 1800. 

Cuartes H. Ricuarpson, Ph. D , Hanover, N. H.; Instructor in Chemistry and 
Mineralogy, Dartmouth College. December, 1899. 

Hernrica Ries, Ph. D., Cornell University, Ithaca, N. Y.; Assistant Professor in 
Economic Geology. December, 1893. 

*Iskagt C. Russevi, LL. D., Ann Arbor, Mich. ; Professor of Geology in University 
of Michigan. 

* James M. Sarrorp, M. D., LL. D., Dallas, Texas. 

Orestes H. Sr. Joun, Raton, N. Mex. May, 1889. 

* Ronin D. Sarissury, A. M., Chicago, Il. ; Professor of General and Geographic 
Geology in University of Chicago. 

Frevertck W. Sarpeson, Ph, D., Instructor in Paleontology, University of Min- 
nesota, Minneapolis, Minn. December, 1892, 
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* Cuarves Scuarrrer, M. D., 1309 Arch St., Philadelphia, Pa. 

Frank ©. Scuraper, M.S., A. M., U. S. Geological Survey, Washington, D. C. 
August, 1901. 

Cuarves Scuucuert, Washington, D. C.; Assistant Curator in Paleontology, U.S. 
National Museum. August, 1895. 

Wiuttam B. Scorr, Ph. D., 56 Bayard Ave., Princeton, N. J.; Blair Professor of 
Geology in College of New Jersey. August, 182. 

Henry M. Seety, M. D., Middlebury, Vt.; Professor of Geology in Middlebury 
College. May, 1899. 

* Suaver, LL. D., Cambridge, Mass. ; Professor of Geology in Har- 
vard University. 

Georce BurBpank Suarruck, Ph. D., Baltimore, Md.; Associate Professor in 
Physiographic Geology, Johns Hopkins University. August, 1899. 

Epwarp M. Suerarp, A. M., Springfield, Mo. ; Professor of Geology, Drury Col- 
lege. August, 1901. 

Wit H. Saerzer, M. S., Ypsilanti, Mich.; Professor in State Normal Sch. Dee., 1890. 

* Frepertck W. Stuonps, Ph. D., Austin, Texas; Professor of Geology in Univer- 
sity of Texas. 

* Eugene A. Surra, Ph. D., University, Tuscaloosa County, Ala. ; State Geologist 
and Professor of Chemistry and Geology in University of Alabama. 

FRANK Criemes Suirn, B. S., 159 La Salle St , Chicago, Ill.; Mining Engineer. De- 
cember, 1898. 

George Ors Smrru, Ph. D., Washington, D. C.; Assistant Geologist, U. 8. Geolog- 
ical Survey. August, 1897. 

'T. Smurra, Ph. D., Washington, D. C. ; Assistant Geologist, U. S. Geo- 
logical Survey. June, 1902. 

* Jonn C. Smock, Ph. D., Trenton, N. J.; State Geologist. 

Cuarves H. Smyrna, Jr., Ph. D., Clinton, N. Y.; Professor of Geology in Hamilton 
College. August, 1892. 

Henry L. Smyrn, A. B., Cambridge, Mass. ; Professor of Mining and Metallurgy 
in Harvard University. August, 1894. 

Arraur Cor Srencer, B. S8., Ph. D., Washington, D. C.; Assistant Geologist, U.S. 
Geological Survey. December, 1896. 

* J. W. Spencer, Ph. D., 1738 Q St. N. W., Washington, D. C. 

Josian E. Spurr, A. B., A. M., U.S. Geological Survey, Washington, D. ©. De- 
cember, 1894. 

Joseru Stantey-Brown, 128 Broadway, New York. August, 1892. 

Timoruy Srantron, B.S., U. S. National Museum, Washington, D. C.; 
Assistant Paleontologist, U. S. Geological Survey. August, 1891. 

* Joun J. Srevenson, Ph. D., LL. D., New York University ; Professor of Geology 
in the New York University. 

Wui..iaM J. Surrox, B. S., E. M., Victoria, B. C.; Geologist to E. and N. Railway 
Co. August, 1901. 

Josera A. Tarr, B. S., Washington, D. C.; Assistant Geologist, U. S. Geological 
Survey. August, 1895, 


James E. Taumaace, Ph. D., Salt Lake City, Utah. Professor of Geology in Univer- 


sity of Utah. December, 1897. 

Raven S. Tarr, Cornell University, Ithaca, N. Y.; Professor of Dynamic Geology 
and Physical Geography. August, 1890. 

Frank B. Taytor, Fort Wayne, Ind. December, 1895. 

G. Tien, M.S., Albuquerque, N. Mex.; President and Professor of Geol- 
ogy, University of New Mexico. August, 1897. 

* James E. Topp, A. M., Vermilion, 8. Dak. ; Professor of Geology and Mineralogy 
in University of South Dakota. j 

* Henry W. Turner, B. S8., U. S. Geological Survey, San Francisco, Cal. 
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JoserH B. Tyrreui, M. A., B. Sc., Dawson, Y. T., Canada. May, 1889. 

Jonan A. Uppen, A. M., Rock Island, Ill. ; Professor of Geology and Natural His- 
tory in Augustana College. August, 1897. 

* Warren Upua,, A. M., Librarian Minnesota Historical Society, St. Paul, Minn. 

*Cuarues R. Van Hise, M. S., Madison, Wis.; Professor of Geology, University 
of Wisconsin; Geologist, U. 8S. Geological Survey. 

Frank Ropertson Van Horn, Ph. D., Cleveland, Ohio; Professor of Geology and 
Mineralogy, Case School of Applied Science. December, 1898. 

Tuomas WayLanp VauaGuan, B.S., A. M., Washington, D. C.; Assistant Geologist, 
U.S. Geological Survey. August, 1896. 

*Anruony W. VoaGprs, San Diego, Cal.; Captain Fifth Artillery, U.S. Army. 

*MarsumMan E. Wapsworrn, Ph. D., State College, Pa. ; Professor of Mining and 
Geology, Pennsylvania State College. 

*Cuarves D. Warcorr, Washington, D.C. ; Director U.S. Geological Survey. 

Cuar.tes H. Warren, Ph. D., Boston, Mass.; Instructor in Geology, Massachu - 
setts Institute of Technology. December, 1901. 

Henry SrepHEens Wasuinaron, Ph. D., Locust, Monmouth Co., N. J.; Aug., 1896. 

Tuomas L. Watson, Ph. D., Granville, Ohio; Professor of Geology, Denison Uni- 
versity. June, 1900. 

Wacrer H. Weep, M. E , U. Ss. Geological Survey, Washington, D.C. May, 1889. 

Sruart We.wer, B. 8., Chicago, Dl. Instructor in University of Chicago. June, 
1900 

Lewis G. Wesraate, Ph. D., Delaware, Ohio; Professor of Geology, Ohio Wesleyan 
University. 

Tuomas C. Weston, 76 St. Joachim St., Quebec, Canada. August, 1893. 

Davip Wurre, U.S. National Museum, Washington, D. C.; Assistant Paleontologist, 
U.S. Geological Survey, Washington, D.C. May, 1889. 

*IsragL C. Warre, Ph. D., Morgantown, W. Va. 

*Roserr P. Warrrietp, Ph. D., American Museum of Natural History, 78th St. 
and Eighth Ave., New York city: Curator of Geology and Paleontology. 
*Epwarp H. Wixutams, Jr., A. C., E. M., 117 Church St., Bethlehem, Pa. ; Pro- 

fessor of Mining Engineering and Geology in Lehigh University. 

* Henry 8. Winttams, Ph. D., New Haven, Conn. ; Professor of Geology and Pale- 
ontology in Yale University. 

Battey U. 8. Geological Survey, Washington, December, 1889. 

SamueL, W.Wixutston, Ph. D., M. D., Chicago, Ill.; Professor of Paleontology, 
University of Chicago. December, 1898. ' 

Anruur Witimort, M. A., Sault Ste. Marie, Ontario, Canada. December, 1899. 

Atrrep W, G. Witsox, Ph. D., Montreal, Ont., Canada; Demonstrator in Geol- 
ogy, McGill University. June, 1902. 

Anexanper N. Wixcnevt, Doct. U. Paris, Butte, Mont. ; Professor of Geology and 
Mineralogy, Montana State School of Mines. August, 1901. 

*Horace Vaucun WincuELL, Butte, Montana; Geologist of the Anaconda Copper 
Mining Company. 

*Newton H. Wincnet, A. M., Minneapolis, Minn.; State Geologist; Professor 
in University of Minnesota. 

*Arraur Wiystow, B. S., care of United States and British Columbia Mining 
Company, 104 W. 9th St., Kansas City, Mo. 

Joun E. Woirr, Ph. D., Harvard University, Cambridge, Mass.; Professor of 
Petrography and Mineralogy in Harvard University and Curator of the Min- 
eralogical Museum. December, 1889. 

Ronert 8S. Woopwarp, C. E., Columbia College, New York city; Professor of 
Mechanics in Columbia College. May, 1889. 

Jay B. Woopwortn, B. S., 24 Langdon St., Cambridge, Mass. ; Instructor in Har- 
vard University. December, 1895. 
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Atsert A. Wricut, Ph. D., Oberlin, Ohio; Professor of Geology in Oberlin Col- 


lege. August, 1893. 


*G. Freperick Wricurt, D. D., Oberlin, Ohio; Professor in Oberlin Theological 


Seminary. 

WiiistaM 8S. Yeates, A. B., A. M., Atlanta, Ga. ; State Geologist of Ga. 
FELLOWS DECEASED 
* Indicates Original Fellow (see article LII of Constitution) 

* A. Asupurner, M.S8.,C. E. Died December 24, 1889. 
Amos Bowman. Died June 18, 1894. 
* J. H. Caapix, Ph. D. Died March 14, 1892. 
Grorae H. Cook, Ph. D., LL. D. Died September 22, 1889. 
* Epwarp D. Corr, Ph. D. Died April 12, 1897. 
Antronto pet Died October 28, 1895. 
* Epwarp W. Craypo.e, D. Sc. Died August 17, 1901. 
* James D. Dana, LL. D. Died April 14, 1895. 
Georce M. Dawson, D. Se. Died March 2, 1901. 
Sir J. Witttam Dawson, LL. D. Died November 19, 1899. 
* E. Foore. Died October 10, 1895. 
N. J. Gtroux, C. E. Died November 30, 1890. 
* James Hatt, LL. D. Died August 7, 1898. 
* Rosert Hay. Died December 14, 1895. 
Davin Honeyman, D.C. L. Died October 17, 1889. 
Tuomas Srerry Hunt, D. Se., LL. D. Died February 12, 1892. 
* Aupurus Hyarr, B.S. Died January 15, 1902. 
* Josepnu F. James, M.S. Died March 29, 1897. 
D. Lacoe. Died February 5, 1901. 
*Joseru Le Conre, M. D., LL. D. Died July 6, 1901. 
Outver Marcy, LL. D. Died March 19, 1899. 
Oruniet. C. Marsu, Ph. D., LL. D. Died March 18, 1899. 
James E. Minis, B.S. Died July 25, 1901. 
* Henry B. Nason, M. D., Ph. D., LL. D. Died January 17, 1895. 
* Joun S. Newrperry, M. D., LL. D. Died December 7, 1892. 
* Epwarp Orton, Ph. D., LL. D. Died October 16, 1899. 
* Ricuarp Owes, LL. D. Died Mareh 24, 1890. 
*Frankitx Prarr. Died July 24, 1900. 
*Joun Wesiey LL. D. Died September 23, 1902. 
Cuar.es Wacusmutn. Died February 7, 1896. 
Tueopore G. Wuire, Ph. B., A. M. Died July 7, 1901. 
*Georcae H. Ph. D. Died July 12, 1894. 
*J. Francis Witutams, Ph. D. Died November 9, 1891. 
*Avexanper Wrncnevt, LL. D. Died February 19, 1891. 
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